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Foreword 



HE rapid evolution of foii struct ivti methods in recent 

.,> years, as illiistrated in the use of Ktt't-l and concrete, 
■ Hy* and the increased si/e and complexity of buildings, 
"~ has created tlie necessity for an autliority which shall 

embody acciirniilated experience and approvcil practice along a 
variety of correlated lines. The ('vclo[)edia of Architecture, 
Carpentry, and Unilding is designed to till this acknowledged 
need, 

C There is no industry that compares with Building in the 
close interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con- 
struction is to-day as much out of place on important work 
as the Contractor who cannot make intelligent estimates, or who 
DDderstands nothing of his legal rights and responsibilities. A 
carpenter must now know something of Masonry, Klectric Wiring, 
and, in fact, all other trades employed in the erection of a build- 
ing; and tile same is true of all the craftsmen whose liandiwork 
will enter into the completed structure. 

C Neither pains nor exj>ense have l)een spared to make the 
present work the most comprehensive and authoritative on the 
subject of Building and its allied indnstriea. The aim has been, 
not merely to create a work which will a])peal to the trained 



expert, but otie that will (^oniiui'iid itself hIso to tlit- tiegiuiier 
aiid the eelf-tauglit, practical man by giving biiii a workiag 
knowledge of the principleB and methods, not only of his own 
particular trade, but of all otlier brauehea of the Building Indus- 
try as well. The various sections have been prepared esjiecially 
for home etndy, eaeh written by an acknowledged aiithority on 
the subject. The Arr»ugement of nmtter is such as to carry the 
Btudeut forwanl by easy stages. iSeries of review tpiestious are 
inserted in each volume, enabling the reader to test his knowl- 
edge and make it a [)ermanent possession. The illustrations have 
been selecti-d with uniisnal care to elucidate the text. 

4L The work will be found to cover many imfiortant topics on 
which little intoruiation has heretofore been available. This is 
especially apparent in such sections as those on Steel, Concrete, 
and lieinforced Concrete Conatniction; Building Superintendence; 
Estimating; Contracts and Specifications, including the princi- 
ples and methods of awarding and executing (.lovernment con- 
tracts; and Building Ijiw, 

C Th« ('vclo[H-dLa is a compilation of many of the most valu- 
able Infitrucliou Pajiera of the Amt-rican School of Correspond- 
ence, and the method adopted in its preparation is that which this 
School has developed and employed so auccesafully for many years. 
This method is not an experiment, but has stood the severest of all 
tests — that of practical use — which has demonstrated it to be the 
best yet devised for the education of the busy working man. 

C In conclusion, gratefn! acknowledgment is due the staff of 
authors and collaborators, without whose hearty co-ojwration 
this work would have been impossible. 
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REINFORCED CONCRETE 



PART I j.N^ ^v V , NA/ 'U • l. ^V .H • ^< b s . ,> ^ 



CEMENT 

The discussion of cementing niatorials will here be confined to 
Portland cement. A treatise on masonrv "will usually include a 
discussion of the various foniis of lime and other cementing materials. 
These are cheaper and sometimes justifial)ly economical in large 
masses of masonrj'. There is hardly an exception to the genend 
statement that Portland cement is the only fonn of cementing material 
which should l>e used in reinforced concrete. 

Characteristics of Portland Cement. The value of cement as a 
building material depends on the following gcMieral qualities. When 
mixed with water and allowed to set, it should harden in a few hours 
and should develop a consider:.ble proj)ortion of its ultimate stR^ngth 
in a few days. It must also have the characteristic of pennanency so 
that no material change in form or volume will take place* on account 
of inherent (|ualities or as the result of exterior agencies. There 
always is a slight shrinkage of the volume of cement and concn»te 
during the process of setting and hanlening, but with any good 
quality of cement this shrinkage is not so great as to be objectionable. 
Another very essential (|uality is that the cement shall not lose its 
strength with age. Although some long-time tests of cement have 
apparently indicated a slight decrease in the strength of cement after 
the first year, the decrease* is so slight that it ne(»d not allVct the design 
of concrete, even assuming the ac^cnracv of the gencTal statement. 

CEMENT TESTING 

The thorough testing of cement, as it is done for the largest 
public works, should properly be done in a professional testing 
lalx)ratory. A text-book of seveml hundred pages has recently Ix'en 
written on this subject. The ultimate analysis and testing of cement, 
both chemically and physically, is beyond the province* of the ordinary 
engineer. But the ordinary engineer d(x\s have fn*(jU(Mit occasion 
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to ohtain (*<'iiK'nt in >mall «juaiililir< when u-stin;: in professional 
laUiniti»rii'> is incimwuient or iiinluly rxjMMisivo. Fortunately it 
i^ |Hj>sil>le to make S4iine .-simple te>l> with(»nl t laVHjrale apparatus 
wliic h will at ha>t >ho\v whether the cement i.s raJicallv defective 
uiu\ unfit for use. It is unfortunately tnie tliat an occasional barrel 
of iVk-n the Ix-st bnmd of cx*nient will pn)ve to be verj* inferior to the 
staiidanl output of that brand. This practically means that in any 
ini[>ortant work, usin:: a larp? quantity of cement, it is not sufficient 
to choijse a brand, as the result of pn-liminar}' favoral)Ie tests, and 
thru accept all ^llipments without further test. Several barrels in 
everj* carload should l)e siunpltMl for testing:. It is not too much to 
pn.-scrilxf that eviri/ barrel should Ik? toted by at least a few of the 
simpler fonns of testing; given below. The following methods of 
testing are condense<l from the progrt^ss report of tlie Committee on 
Iniform Tests of Cement, as selecteil bv the American Society of 
Civil Engineers. The statements may therefore l)e considered a.s 
hiiving the highest authority obtainable on this subject. 

Sampling. Tlu* numlxT of samples that shoukl be taken 
d*'f>enfls on the importance of the work but it is chiefly imjx)rtant 
tliat the sam[)k' should represent a fair average of the contents. The 
.simple .>hould Ix' [)assed tlirough a sieve having twenty meshes per 
linear inch, in order to l>reak up hnnps and remove any foreign 
material. If several small amounts are taken from different 
part.-> of the package, this also insures that the samples will be mixed 
so that the result will be a fair aveniixe. Wln»n it is onlv desired to 
dctrniiiiH- the average characteristic of a shipment, the samples taken 
frr^nr did'erent j)arts of the shipment may be mixed, but it will give 
a better idea of the uniformity of the product to analyze the dif- 
fen'iit samples separately. (\*ment should be Uikcu from a barrel 
by boring a hole through the center of one of the staves, midway 
Ix'tween the heads, or through the head. A portion of the cement can 
then Im- withdrawn, rven from the center, by means of a sampling iron 
similar to that used by sugar inspectors. 

Chemical Analysis. Ordinarily, it is impracticable for an 
engineer to make a chemical analysis of cement which will funiish 
relijd>le information regarding its (lesiral)ility, but the engineer 
should uiid<*r>tand something regarding the (le^iral)le clienn'cal 
constituents of the cement. It should be realized that the fineness 
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of the grinding and the thorougliness of tlic burning may liave a far 
greater influence on the vahu* of the cement than slight variations 
from the recognized stimdanl pro[K)rtions of the various chemical 
constituents. Too high a proportion of lime will cause failure in 
the test for soundness or constancy of volume, although a cement 
may fail on such a test owing to improper prepanition of the raw 
material or defective burning. On the other hand, if the cement 
is made from very finely ground material and is thoroughly burned, 
it may contain a considerable excess of lime and still prove perfectly 
sound. The permissible amount of magnesia in Portland cement 
is the subject of considerable controversy. Some authorities say 
that anything in excess of 8 per cent is harmful, others declare that 
the amount should not exceed 4 per cent or 5 per cent. The pro- 
portion of sulphuric-anhydride should not exceed 1.75 per cent. It 
may be considered that the other tests of cement are a far more reli- 
able indication of its quality thftn any small variation in the chemical 
constituents from the proportions usually considered standard. 

Specific Gravity. The specific gravity of cement is lowered by 
under-burning y adulteration, and hydration, but the adulteration must 
be in considerable quantities to affect the results. Since the dif- 
ferences in specific gravity are usually verj' small, great care must be 
exercised in making the tests. When properly made, the tests afford 
a quick cheek for under-burning or adulteration. The determination 
of specific gravity is conveniently made with Le Chatelier\s apparatus. 
This consists of a flask I), Fig. 1, of 120-eu. em. (7.32-eu. in.) capac- 
ity, the neck of which is about 20 em. (7.S7 in.) long; in the middle 
of this neck is a ball C, above and below which are two marks F and 
E; the volume between these marks is 20 cu. em. (1.22 eu. in.). The 
neck has a diameter of about 9 mm. (0.35 in.), and is graduated into 
tenths of cu. cm. al)ove the mark F. Benzine (()2° Baume naphtha), 
or kerosene free from water, should be used in making the determina- 
tion. 

The specific gravity may be determined in two ways: 

First, The flask is filled with either of these liquids to the lower 

mark E, and 64 gr. (2.25 oz.) of j)Owder, previously dried at 100° 

Cent. (212° Fahr.) and cooled to the temperature of the licjuid, is 

gradually introduced through the funnel B (the stem of which extends 
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into the flask to tlu» top of ihv bull) (') until the proper mark F is 
reached. The cliff(*nMK'(* in weight Ixitween the cement remaining 
and the original (juantity (()4 gr.) is the weight which has displaced 
20 cu. cm. 

Second, The whole cjuantity of |K)wder is introduced, and the 
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PMg. 1. Lo Chatelit'r's Apparatus for Di'lcnniniii^ Spt'cilic Gravity. 

level of the licjuid rises to some division of the graduated neck. This 
reading plus 20 cu. cm. is the volume dis[)lac'ed by 04 gr. of the pow^der. 
The specific gravity is then obtained from the formula: 



,, -r. /I • ■ ^^eiijfht of cement 

Specihc (iravitv ^^ , -. 7 , , 

Disolaced volume 



)ispl; 

The flask during the operation is kept in water in a jar A in 
order to avoid variatirm in the temjx*rature of the liquid. The 
rt^sults should agree within 0.01. The specific gravity of cement 
thoroughly dried at 100° Cent, should not be less than 3.10. 

Fineness. It is generally accepted that the coarser materials 
in cement are practically inert, and it is only tli(^ extremely fine powder 
that possesses adhesive cementing (jualities. The more finely cement 
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is pulverized, all other conditions bt*ing tlie same, the more sand 
it will cany and produce a mortar of a given strength.' The degree 
of pulverization which the cement receives at the place of manu- 
facture is ascertained by measuring the residue retained on certain 
sieves. Those known as No. 100 and No. 200 sieves are recommended 
for this purpose. The sieve should be circular, about 20 cm. (7.87 
inches) in diameter, 6 cm. (2.36 inches) high, and provided with 
a pan 5 cm. (1.97 inches) deep, and a cover. The wire cloth should 
be woven from brass wire having the following diameters: No. 100, 
0.0045 inches; No. 200, 0.0024 inches. This cloth should be mounted 
on the frame without distortion. The mesh should be regular in 
spacing and be within the following limits: 

No. 100, 9() to 100 meshes to the linear inch. 
No. 200, 188 to 200 meshes to the linear inch. 

50 grams (1.76 oz.) or 100 gr. (3.52 oz.) should be used for the test 
and dried at a temperature of 100° Cent, or 212° Fahr., prior to 
sieving. 

The thoroughly dried and coarsely screened sample is weighed 
and placed on the No. 200 sieve, which, with pan and cover attached, 
is held in one hand in a slightly inclined position, and moved forward 
and backward, at the same time striking the side gently with the palm 
of the other hand, at the rate of about 200 strokes per minute. The 
operation is continued until not more than ^V ^^ 1 P^^ cent passes 
through after one minute of continuous sieving. The residue is 
weighed, then placed on the No. 100 sieve and the operation repeated. 
The work may be expedited by placing in the sieve a small quantity of 
large shot. The results should be reported to the nearest tenth of 
1 per cent. 

It shall leave by weight a residue of not more than 8 per cent 
on the No. 100, and not more than 25 per cent on the No. 200 sieve. 

Normal Consistency. TJie use of a proper percentage of water 
in making the pastes, cement and water, from which pats, tests of 
setting, and briquettes are made, is ex(*eedingly importiint, and ad'ects 
vitally the results obtained. The determination consists in measuring 
the jamount of water required to reduce the cement to a given state of 
plasticity, or to what is usually designated the normal consistency. 
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Various methods haw been proposed for niakin<i: this detemiination, 
none of which has l)e(»n found entii^elv siitisfactorv. The Committee 
recommends the followini^: 

The apparatus for this test consists of a frame K, Fig. 2, bearing 
a movable n)d L, with the cap A at one end, and at the other the 
cyHnder B, 1 cm. (0.30 in.) in (Hameter, the cap, rod, and cylinder 
weighing 300 gr. (lO.oS oz.). The rod, which can be held in any 
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FiiX. 2. Apparatus fur Tfstliij:; Normal Consist ciu-y of Coment. 

desired position by a screw F, carries an in(hcator, which moves 
over a scale fgraduat(ul to centimeters) attached to the frame K. 
The paste is held by a com'cal, hard-rul)ber ring 1, 7 cm. (2.76 in.) 
in diameter at the base, 4 cm. (l.r)7 in.) high, resting on a glass 
plate J about 10 cm. (3.04 in. scpiarc). 

In making the determination, the same (juantity of cement as 
will be subsecjU(Mitly used for (\ieh batch in making the briquettes 
(but not less than ."iOO grams) is kneadcMl into a paste, as described 
later in paragraph on "Mixing/' and (luickly formed into a ball with 
the hands, completing the operation by t(^ssing it six times from one 
hand to the other, maintained inches apart; the ball is then pressed 
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into the rubl>er ring, through the larger opening, smoothed off, and 
placed (on its large end) on a glass plate and the smaller end smoothed 
off with a trowel; the paste confined in the ring, resting on the plate, 
is placed under the rod bearing the cylinder, which is brought in 
contact with the surface and quickly released. 

The paste is of normal consistency when the cylinder penetrates 
to a point in the mass 10 mm. (0.39 in.) below the top of the ring. 
Great care must be taken to fill the ring exactly to the top. The 
trial pastes are made with varying j)ercentages of water until the cor- 
rect consistency is obtained. The Committee has recommended, as 
normal, a paste the consistency of which is rather wet, Iwcause it 
believes that variations in the amount of compression to which the 
briquette is subjected in moulding are likely to be less with such a 
paste. Having determined in this manner the proper percentage 
of water required to produce a paste of normal consistency, the proper 
percentage required for the mortiirs is obtained from an empirical 
formula. The Committee hopes to devise a formula. The sub- 
ject proves to be a ver}' difficult one, and, although the Committee 
has given it much study, it is not jet prepared to make a definite 
recommendation . 

Note, The Committee on Standard Specifications for Cement 

inserts the following table for temporarj' use to be replaced by one 

to be devised by the Committee of the American Society of Civil 

Engineers. 

TABLE I 

Percetitag:e of Water for Standard Sand Mortars 
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Time of Setting. The object of this test is to detennine the 
time which elapsed from the moment water is added until the paste 
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ceases to be fluid and plastic (called the ''initial set''), and also the 
time required for it to acquire a certain degree of hardness (called 
the "final" or ''hanl set"). The former of these is the more important, 
since, with the connnencement of setting, the process of crystalliza- 
tion or hanlening is said to begin. As a disturbance of this process 
may produce a loss of strength, it is desirable to complete the opera- 
tion of mixing and moulding or incorporating the mortar into the 
work before the cement Ix^gins to svt. It is usual to measure arbi- 
trarily the beginning and end of the setting by the penetration of 
weighted wires of gi\en diameters. 

For this purpose the Vicat Needle, which has already been de- 
scribed, should be used. In making the* test, a paste of normal consist- 
ency is moulded and j)lace(l under the rod L, Fig. 2, as described in a 
previous paragraph. This rod bears the caj) D at one end and the 
needle II, 1 mm. (0.(K]0 in.) in diameter, at the otiier, and w^eighs 
300 gr. (lO.oS oz.). The needle is then carefully brought in contact 
with the surface of the paste and quickly released. '^Fhe setting is 
said to have conuncnced when the needle ceas(\s to pass a point 5 mm. 
(0.20 in.) above the upper surface* of the glass plate, and is said to 
have terminated the moment the needle does not sink visibly into 
the mass. 

The test pieces should be* store<l in moist air during the 
test; this is accomplished by placing them on a rack over water con- 
tained in a pan and covered with a damp cloth, the cloth to be kept 
away from them by means of a wire screen; or they may be stored 
in a moist box or closest. Care should be taken to keep the needle 
clean, as the collection of cenuMit on the sides of the needle retards 
the penetration, while cement on tlu* point reduces the area and 
tends to increase the penetration. The determination of the time of 
setting is only approximate, being materially affected by the tem- 
perature of the mixing water, the temperature and humidity of the 
air during the test, the percentage of water used, and the amount 
of moulding the paste receives. 

The following approximate method, not reeiuiring the use of 
apparatus, is sometimes us<*(l, although not referred to by the Com- 
mittee. Spread cement paste of i\\c proper consistency on a piece 
of glass, having the cement cake about three* inches in diameter and 
about one inch thick at the center, thinm'ng towards the edges. When 
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the cake is hard enough to bear a gentle pressure of the finger nail, 
the cement has begun to set, and when it is not indented by a con- 
siderable pressure of the thumb nail, it is said to have stt 

The Committee recommends that it shall develop initial set in 
not less than thirty minutes, but must develop hard set in not less 
than one hour, nor more than ten hours. 

Standard Sand. The Committee recognizes the grave objec- 
tions to the standard quartz now generally used, especially on account 
of its high percentage of voids, the difficulty of compacting in the 
moulds, and its lack of uniformity; it has spent much time in investi- 
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Fig. 3. Form of Briquette. 

gating the various natural sands which appeared to be available and 
suitable for use. For the present, the Committee recommends the 
natural sand from Ottawa, 111., screened to pass a sieve having 20 
meshes per linear inch and retained on a sieve having .'^0 meshes per 
linear inch; the wires to have diameters of 0.01 ()') and 0.0112 inches, 
respectively, i.e., half the width of the opening in each case. Sand 
having passed the No. 20 sieve shall be considered standard when 
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not more than one per cent passes a No. 30 sieve after one minute 
continuous sifting of a 50()-^ram sample. 

Form of Briquette. While the fomi of the hricjuette recom- 
mended bv a fonner Committee of the Soeietv is not wholly satis- 
factor}', this Committee is not prepared to suggest any change, other 
than rounding off the comers hy curves of V inch radius, Fig. 3. 

Moulds. The moulds should he made* of Imiss, hronze, or some 
ccjually non-corrodil)le mattTial, having sufficient metal in the sides 
to prt»vent spreading during moulding. 

Gang moulds, which pennit moulding a mmiher of hriciuettes 
at one time, are preferred by many to single moulds; since the greater 




A 



FIf,'. 4. (Jan^' Moulds. 

quantity of mortar that can be niixe(l tends to produce greater uni- 
fonnity in the results. The tyjx^ shown in Fig. 4 is reccmmiended. 
The moulds should be wiped with an oily cloth before using. 

Mixing. All proportions should be stated by weight; the quan- 
tity of water to be used should be stated as a percentage of the dry 
material. The metric svstem is recomnuMidcd because of the con- 
venient relation of the gram and the cubic centimeter. The tem- 
perature of the room and the mixing water should be as near 21° 
Cent. (70° Fahr.) as it is practicable to maintain it. The sand and 
cement should be thoroughly mixed dry. I'he nn'xing shouhl be 
done on some non-absorbing surface, pr(*feral)ly plate glass. If the 
mixing must be done on an absorbing surface it should be thoroughly 
dampi*ned prior to use. The (|uantity of material to be mixed at 
one time depends on the number of t(\st pieces to be made; about 
KXK) gr. (3r).2S o/.) makes a convenient (juantity to mix, <\specially 
by hand methods. 

Th(* material is weighed and placed on the mixing table, and a 
crater formed in the center, into which the proper p(M*centage of 
clean water is poured; the material on the outer edge is turned into the 
crater bv the aid of it^trowel. As soon as the water has been absorbed, 
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which should not require more than one minute, the operation is 
completed by vigorously kneading with the h^mds for an additional 
IJ minutes, the process being similar to that ustnl in kneading dough. 
A sand-glass affonls a convenient guide for the time of kneading. 
During the operation of mixing the hands should be protected by 
gloves, preferably of rubber. 

Moulding. Having worked the paste or mortar to the proper 
consistency, it is at once placed in the moulds by hand. The moulds 
should be filled at once, the material pressed in firmly with the fingers 
and smoothed off with a trowel without ramming; the material should 
be heaped up on the upper surface of the mould, and, in smootl^ing off, 
the trowel should be drawn over the mould in such a manner as to 
exert a moderate pressure on the excess material. The mould should 
be turned over and the operation repeated. A check uix)n the uni- 
formity of the mixing and moulding is affonled by weighing the bri- 
quettes just prior to inmiersion, or upon removal from the moist 
closet. Briquettes which varj^ in weight more than 3 per cent from 
the average should not be tested. 

Storage of the Test Pieces. During the first 24 hours after 
moulding, the test pieces should l^e kept in moist air to prevent them 
from drjing out. A moist closet or chamlx^r is so easily devised that 
the use of the damp cjlotli should be abandoned if possible. Covering 
the test pieces with a damp cloth is objectionable, as conunonly used, 
because the cloth may drj^ out unc(|ually, and, in consequ(»nce, the 
test pieces are not all maintained under the same condition. Where 
a moist closet is not available, a cloth may be used and kept uni- 
formly wet by immersing the ends in water. It should be kept from 
direct contact with the test pieces by means of a wire screen or some 
similar arrangement. 

A moist closet consists of a soapstone or slate box, or a metal- 
lined wooden box: the metal lining being covered with felt and this 
felt kept wet. The bottom of the l)ox is so constructed as to hold 
water, and the sides an* provided with cleats for holding glass shelves 
on which to place the bri(|uettes. Care should be taken to keep 
the air in the closet uniformlv moist. • After 24 hours in moist air the 
test pieces for longer periods of tinu* should be immersed in water 
maintained as near 21° Cent. (70° Fahr.) as practicable; tlu^v may 
be stored in tanks or pans, which should ]ye of non<'orrcKlible material. 
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Tensile strength. The tests may be made on any standard 
machine. A soHd metal ( lij), as shown in Fig. 5, is recommended. 
This clip is to l)e nsed without cushioning at the points of contact 
w^th the test specimen. The bearing at each point of contact should 
be J-inch wide, and the distance between the center of contact on the 

same clip should l)e 1 1 inches. Test pieces 
sliouid be broken as soon as thev are removed 
from the water. Care should be obser\-ed in 
centering the bri(|uettes in the testing machine, 
as cross-strains, produced by improper center- 
ing, tend to lower the breaking strength. The 
load should not be applied too suddenly, as it 
may produce vibration, the shock from which 
often breaks the bri(|uette before the ultimate 
strength is reached. Care must be taken that 
the clips and the sides of the briquette l3e clean 
and fre(* from grains of sand or dirt, which 
would prevent a good l)earing. The load should 
be applied at the rate of GOO lbs. per minute. 
The average of the l)ri(|uettes of each sample 
tested should be taken as the test, excluding 
anv results which are manifestlv faultv. 
The minimum miuirements for tensile strength for briquettes 
one inch square in section shall be within the following limits, and 
shall show no retrogression in strength within the periods specified: 

MINIMUM STRENGTH OF BRIQUETTES 




Fig. 5. Metal Clip for 

Testing' Trnsilo 

Strength. 



AG K 



Strength 



NKAT CKMENT 

24 hours in moist air Io0-2()0 lbs. 

7 days (1 day in nioi.st air, 6 days in water) 4o()-o50 ** 

28 days (1 day in moist air, 27 days in water) r)50-650 ** 

ONE PAKT CKMEXT, TIIKEE PARTS SAM) 

7 days (1 day in moist air, 6 days in water) 150-200 **• 

28 days (1 day in moist air, 27 days in water) 200-.'J()0 ** 



Constancy of Volume. The object is to (h^velop tliose qualities 
which tend to d(\strov the stren<::th and diirahilitv of a cement. As 
it is hi^lily ess(Mitial to detcrniine such (|Uah*ties at oncis tests of this 
character are for tlie most part made in a verv short time, and are 
known, therefore, as accelerated tests. Faihire is revealed bv crack- 
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ing, checking, swelling, or disintegration, or all of these phenomena. 
A cement which remains perfectly soun<l is siiid to l)e of constant 
volmne. 

Methods. Tests for constancy of volume arc divided into two 
classes: 

(1) Normal tests, or those'made in either air or water maintained 
at about 21° Cent. (70° Fahr.). 

(2) Accelerated tests, or those made in air, steam, or water at a 
temperature of 45° Cent. (115° Fahr.) and upward. The test pieces 
should be allowed to remain 24 hours in moist air before immersion 
in water or steam, or preser\-ation in air. For these tests, pats, 
about 7i cm. (2.95 in.) in diameter, ^ cni. (0.40 in.) thick at the 
center, and tapering to a thin edge, should be made, upon a clean 
glass plate [about 10 cm. (3.94 in.) square], from cement paste of 
normal consistencv. 

Normal Test, A pat is immersed in water maintained as near 
21° Cent (70° Fahr.) as possible for 28 days, and observed at inter- 
vals. A similar pat is maintained in air at ordinary temperature 
and observed at inter\als. 

Accelerated Test. A pat is exposed in any convenient way in 
an atmosphere of steam, above boiling water, in a loosely closed 
vessel, for 3 hours. 

To pass these tests satisfactorily, the pats should remain firm 
and hard, and show no signs of cracking, distortion, or disintegration. 
Should the pat leave the plate, distortion may be detected best with 
a straight-edge applied to the surface which was in contact with tlie 
plate. In the present state of our knowledge it cannot be said that 
cement should necessarily be condemned simply for failure to pass 
the accelerated tests; nor can a cement be considered entirely satis- 
factory, simply because it has passed these tests. 

Testing Machines. There are many varieties of testing machines 
on the market. Many engineers have constructed "home-made'* 
machines which ser\'e their purpose with sufficient accuracy. One 
very common type of machine is illustrated in Fig. (>. B is a reser- 
voir containing shot which falls through the pipe I which is closed 
with a valve at the bottom. The bricjuette is carefully placed be- 
tween the clips, as shown in the figure, and the wheel P is turned 
until the indicators are in line. The hook lever Y is moved so that 
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a screw worm is ciigiigt-*! willi its gear, 'riicn open tlie automatic 
vjiivc J so as tu allow tlic shut to niii into tlif cup F. By means 
of a small valve the How of sliot into the cup may be regulated. 
Hcttcr result:i will be oblaineil by allowiug the shot to nin slowly 
into the cup. The craiik is then tunied willi just sufficient speed 




so that the sciile lieaiii i.-i helil in positliiri utilil the l>ri([ueltc is broken. 
Upon the breaking of the bri<|Ui'ttc, the .seale beam falls ami auto- 
matically closes the valve J. Tin- weight of the shot in the cup F 
then indicates, accoiiliiig to some definile ratio, the stri'ss required 
to break the briquette. 

Sand. Specifications for conen-te iisii;iUy state that the sand 
shall be clean, coarse, and shaq>; free from clay, loiini, slicks, organic 
matter, or other impurities. A mixtniv of coarst.- and fine grains, 
wiih the coarse grains prcdoniiiiatiiig, is found very satisfactory as 
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it makes a denser and stmnger eonen^te widi a less amount of cement 
than when coarse-grained sand is used with the same pn)portion of 
cement. The small grains of sand fdl the voids eaus(*d hy the coarse 
grains so that there is not as great a volume of voids to be filled by 
the cement. The sharpness of sand can be determined approxi- 
mately by rubbing a few grains in the hand or by crushing it near 
the ear and noting if a grating sound is produced; but an examina- 
tion through a small lens is better. 

Experiments have shown that round grains of sand have less 
voids than angular ones, and that water-worn sands have from 3 per 
cent to 5 per cent less voids than corresponding sharp grains. In 
many parts of the country where it is impossible, except at a great 
expense, to obtain the sharp sand, the rounded grain is used with 
YCTv good results. I^alx)rator}^ tests made under conditions as nearly 
as possible identical show that the rounded-grain sand gives as 
good results as the sharp sand. In consequence of such tests, the 
requirement that sand shall be sharp is now considered useless by 
many engineers, especially when it leads to additional cost. 

In all specifications for concrete work is found the clause that 
'*the sand shall be clean." This requirement is sometimes ques- 
tioned as experimenters have found that a small percentage of clay 
or loam often gives better results than when clean sand is used. 
**Lean" mortar may be improved by a small jXTcent^'ige of clay or 
loam, or by using dirty sand, for the fine material increases the 
densitv. In rich mortiirs this fine material is not needed, as the 
cement furnishes all the fine material necessarv% and if clay or loam 
or dirty sand were used it might prove detrimental. Whether it 
is really a benefit or not depends chiefly upon the richness of the 
concrete and the coarsen(\ss of the sand. Some idea of the cleanli- 
ness of sand may be obtained by placing it in the palm of one hand 
and rubbing it with the fingers of the other. If the sand is dirty, 
it will badly discolor the palm of the hand, ^^hen it is found neces- 
sary to use dirty sand the strength of the concrete should be tested. 

Sand containing loam or earthy material is cleansed by wash- 
ing with water, either in a macliine specially designed for the pur- 
pose, or by agitating the sand with water in boxes provided with 
holes to permit the dirty water to flow away. 

Ver}' fine sand may be used alone, but it makes a weaker con- 
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c-n*l<' flinn cilluT mnr^' s:nnl or cnjirM- :iii«l Hue siiiul mi.MMl. A 
inort.-ir cnnsislin^ of \rv\ iiiu* s;iiul .iiul ccnH-iit will not ])v so <K*nse 
as our of coarse sjiiul and tlir sanir crnnMit, althon^li wIh'ii inrasim^d 
or W(m«;1i(mI ilrv, cacli contain the winic proportion *»f voids ami 
solid niatt«T. In a nnit measure of fine sand tln're are more ^niins 
than in a nnit inea.snre of coarse sand, ami therefore nion» }X)ints 
of eontact. M<»re water is reijuireil in ^^•nli:ini: a niixtniv of fine 
sand ami cement than in a mixtnre of coarse sand and the same 
cvinent. 'i'h<' water fc»rms a film and separates the grains, thus 
pHwlnein;; a larp'r vi)hnne having less dtMisity. 

Tln' screenin<^s <»f hroken st«>nc an* sometimes nsed instead 
of sand. Tc-sts fn-cjiicntly show a'stronpr concrete when senx*nings 
aR* used than when sand is ns«M|. This is perhaps due to the vari- 
able sizes of tin' screenin<;s, which would ha\e a less percentage 
of voids. 

Stone, 'i'he stone used in concrete >hould l»c hard and durable, 
such as trap, ^ranitt', linu' stom-, >aml ^tonc m a con;;lonierate. 
Lime ston<' shouM not he u>''d a^ a lircpr«»oliiiu material as heat 
will calcinate it. Trap rock and ^ia\fl aic pi'rhaps the In'st stone 
for fireproof purpo>es. ('rushed ^tone slmulij have all the dust 
n-moved l>y a j-inch screen, altlwMiirh if niiiy he replaced a»;ain as a 
part of the sand, if the product t'rnm ihc cru-hcr i> >!iown by fpc- 
(|uent sam])lini; to be uniform, the <lii^l may l»c rcta'ned in place of 
a eorre>pondin;^ amount (»f ^and. 

Tin* maxinnnn ^\/.r of >t;>;ie u-iially prrmiiicd in plain concrete 
is -J im-hes, ami in n'inforce<| cuncrcic ; inch. .-'I'luMmh in some 
reinforced concrete stnn'1uri'> 1 ini-li ^innc i> ])crmitte«l. Some- 
times specilication> .>tat<* that the ^lonc in be ummI ^haJi \tv screened 
to a practically unifonn size, while oihcr >Np<'cili«;iiions slate that 
the ston<' .shall be of ^^radualcd <\/.r> so ih;il iIm- -mailer -hall fit into 
the voiils between the lar;:<'r m> th;it le.» nmrtar I'^ re«|iiinMl. A 
siu'i'l*' >ize of broken •«;ionc- ha> a :rreatcr tenijenev to form arches 
while bcin<; ranmic«l inU) place, than -irme of Lr;i'lcd si/.cs. The 
muled >tonc inakcs a «lcM-.i'r, Niron^^er. anti mure eeoiiomical con- 
cn.-l«'. I'suallv in trrachMl stone l"<»r n-iiiforccd e<Micrete ilie stones 
varv in size from j inch to ,' or 1 inch anil in ])lain ctHicrete from 
\ inch to -J inches. 

Gravel. When gravel is useil in>lcad of >U)nr, or is mixed with 
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REINFORCED CONCRETE 17 

stone, it should be composed of clean pebbles free from clay or 
other materials. A film of dirt on the gravel lessens the strength 
of the concrete. Graded round gravel contains a smaller percentage 
of voids than angular stones and makes a dense concrete which 
compares very well with stone concrete. The greater density of 
the gravel concrete tends to overcome the slight difference in strength 
due to the varjnng character of the surfaces of the particles of the 
gravel and the broken stone. Som(*times it is economical to mix 
a small percentage of gravel with broken stone. 

"* Cinders. Cinders for concrete should be free from coal or 
soot. Usually a better mixture can \>c obtained by screening the 
fine stuff from the cinders and then mixing in a larger proportion 
of sand, than by using unscreened material, although if the fine 
stuff is uniformly distributed through the mass, it may be used 
without screening and a less proportion of sand used. 

As shown later the strength of cinder concrete is far less than 
that of stone concrete and on this account it cannot be used where 
high compressive values are necessary. But on account of its very 
low cost compared with broken stone, (\specially under some con- 
ditions, it is used quite commonly for roofs, etc., on which the loads 
are comparatively small. 

One possible objection to the use of cinders lies in tlie fact that 
they frequently contiun sulphur and other chc^micals which may 
produce corrosion of the reinforcing steel. In any structure where 
the strength of the concrete is a matter of importance, cinders should 
not be used without a thorough inspection and wen then the unit 
compressive values allowed should be at a xory low figure. 

Proportions of Concrete. When large and important struc- 
tures are to be built, or when the concrete is to be water tight, it 
pays from an economical standpoint to make a thorough study of 
the material of the aggregates and their relative proportions. The 
proportions below will serve as a guide for various classes of work. 

A rich^mixture, proportions 1:2:4, that is 1 barrc^l (4 bags) 
packed Portland cement (as it comes from the manufacturer), 2 
barrels (7.6 cubic feet) loose sand, and 4 barrels (15.2 cubic feet) 
P loose stone, is used in arches, reinforced concrete floors, beams and 

columns for heavy loads, engine and machine foundations sub- 
ject to vibrations, tanks, and for water-tight work. 
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A medium mixture, proportions 1 :2\ : 5, that is, 1 barrel 
(4 bags) packed Portland cement, 2V barrels (0.5 cubic feet) loose 
sand, and 5 barrels (10 cubic feet) loose gravel or stone, may be 
used in arches, thin walls, floors, beams, sewers, sidewalks, founda- 
tions, and machine foundations. 

An oitlinary mixture, proportions 1 : 3 : G, that is, 1 barrel 
(4 bags) packed Portland cement, 3 barrels (11.4 cubic feet) loose 
sand, and barrels (22. S cubic feet) loose gravel or broken stone, 
may l)e used for redlining walls, abutments, piers, floor slabs, and 
beams. 

A lean mixture, proportions 1 : 4 : S, that is, 1 barrel (4 bags) 
packed Portland cement, 4 l)arrels (15.2 cubic feet) loose sand, and 
8 barrc»ls (30.4 cubic feet) loose gravel or broken stone, may be 
used in large foundations supporting stationary loads, backing for 
stone masonry, or whcR* it is subject to a plain compressive load. 

These* proportions must not be taken as always Ix'ing the most 
economical to use, but they represent average practice. Cement 
is the most expensive ingrtnlient; therefore a nuluction of the quan- 
tity of cement, by adjusting the proportions of the aggregate so as 
to produce a concR^te with the same density, strength, and imper- 
meability, is of great importance. By can^ful proportioning and 
workmanship water-tight concrete has been made of a 1:3:6 
mixtuR\ In floor construction where the span is \Qvy short and 
it is specified that the slab nnist l)e at least 4 inches thick, while with 
a higli gradi^ concrete a 3-inch slab would carrj^ tlie load, it iscer- 
tainlv more economical to use a leaner concrete. 

The method often used in determining the voids in stone and 
in sand, by finding tlie quantity of watT t!iat can be poured into 
the voids of a unit nieasuR) of stone or sand anil then talking that 
amount of sand or cement as the amount retiuired to fill the voids' 
in the stone or sand, is not satisfactory. The greatest inaccuracy 
of this method is due to the diflVrence in compactness of the ma- 
terials under varied methods of handling, and to the fact that the 
actual volume of voids in a coarse material may not correspond to 
the quantity of sand required to fill the voids. Tiie grains of sand 
sei)arate the stt)ne and with most aggregates a p')rtion of the sand 
is too coarse to get in the voids of the coarsiT matt^-ial. That is, 
in a mass of crusher-run broken stone many of the individual voids 
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are so small that the larger grain of natural bank sand will not fit 
into them, but will get between the stones and increase the bulk 
of the mass. This increase in bulk means that more sand is required 
than the actual volume of voids in the coarse material. 

An accurate and simple method to determine the proportions 
of concrete is by trial batches. The apparatus consists of a scale 
and a cylinder which may be a piece of wrought iron pipe 10 inches 
to 12 inches in diameter capped at one end. Measure and weigh 
the cement, sand, stone, and water and mix on a piece of sheet steel, 
the mixture having a consistency the same as to be used in the w^ork. 
The mixture is placed in the cylinder, carefully tamped, and the 
height to which the pipe is filled is noted. The pipe should be 
weighed before and after being filled so as to check the weight of 
the material. The cylinder is then emptied and cleaned. Mix 
up another batch using the same amount of cement and water, 
slightly varying the ratio of the sand and stone but having the same 
total weight as before. Note the height in the cylinder, which 
will be a guide to other batches to be tried. Several trials are made 
until a mixture is found that gives the least height in the cylinder, 
and at the same time works well while mixing, all the stones being 
covered with mortar, and which makes a good appearance. This 
method gives very good results, but it does not indicate the changes 
in the physical sizes of the sand and stone so as to secure the most 
economical composition as would bo shown in a thorough mechan- 
ical analysis. 

There has been much concrete work done where the propor- 
tions were selected without any reference to voids, which has given 
much better results in practice than might be expected. The pro- 
portion of cement to the aggregate dept*nds upon the nature of the 
construction and the required degree of strength, or watcr-tightnessj* 
as well as upon the character of the inert materials. Both strength 
and imperviousness increase widi the proportion of cement to the 
aggregate. Richer mixtures are necessary for loaded columns, 
beams in building construction and arches, for thin walls subject 
to water pressure, and for foundations laid under water. The 
actual measurements of materials a.s actually mixed and used usually 
show leaner mixtures than the nominal proportions specified. This 
is largely due to the heaping of the measuring boxes. 



29 



20 



REINFORCED CONCRETE 



TABLE II 
Proportions of Cement, Sand, and Stone in Actual Structures 



STurcTriiK 



l*Rort)UTll>NS 



Kkferexce 



(Mi. &Q. R. U. 
Keinforeed Coucrete Culverts 

Phihi. Rai)i(i Transit Vo, 
Floor Klevttte<l Roadway . . .. i 



C. P. R. R. 

Arch Rin^s 

Piers and Almtrnent.s 



1:8 :() |Kiijj:r. (out., Oct. 8, ^OG 

1:8:0 i " " Sept. 20, '06 

1 : 2.0 : .") 
1:8 :() 1 



1:8: o 

1:4:7 Cenient Kra, Aug. '00 



Hudson River Tunnel Caisson 

Stan<l Pipe at Allleboro, Mass. 
Height, 100 leet. 



1:2:4 
1:2:4 



KnjjT. Record, Sept. 29, '06 

29, '06 



(( 



C.C.i^ St.Ti.R.R., Danville Arch 

Footings 1:4 :8or l:iKo 

A rch Rings 1:2:4 

Abutments, Piers 1:8 :0 or l:0.o 



March 8. '00 



N. Y. C. Sell. R. R. R. 



1:4 il.i) 
11:8:0 
1:2:4 



(i 



(< 



it 



3, '0() 



American Oak Leather Co. 
Factory at Cincinnati, Oliio. 

Harvard University Stadium.. 

New York Suhwav 

Roofs and Sidewalks 

Tunnel A relies 

Wet Founjlation 2' th. or less 
'' " exceeding 2' 

Boston Suhwav 



P .<c R. R. R. 

An'hes 

Piers and Ahulmcnts 



1:2:4 
1:8 :») 



1 • 2 • 4 
1: 2.0:0 
1:2:4 

1:2.5:4 



1:2:4 



(C 



(( 



" 3, »03 



Oct. 18, '06 



Rrooklvn Xavv ^'d. Lal>oratory' 

Coiuin'is. . ." *. 1:2 i.Trraprock Fum^. News, March 28, '05 

P>eams and Slal>s 1 :;'»:.') •• 

RoolSlal) 1 ::'>:•') Ciihler i 

Southern Railway 

A relics ' 1:2:1 

Piers and Abutments 1:2..):.") i 



Methods of Mixing Concrete. Tlic ni( thod of inixing con- 
crete Ls iinniaterial, if a homogeneous mass is secured of a unifonn 
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consistency, containing the cement, sand, and stone in the correct 
proportions. The value of the concrete depends greatly upon the 
thoroughness of the mixing. The color of the mjiss nmst be uni- 
form, every grain of sand and piece of the stone should have cement 
adhering to every point of its surface. 



TABLE III 

Barrels of Portland Cement Per Cubic Yard of Mortar 

(Voids in Sand Being 85 per cent and 1 Bbl. Cement Yielding 8.()5 Cubic 

Feet of Cement Paste.) 



Proportion of ('ement to Sand 



Bbl. specified to be 3.5 cu. ft. 

a u u 40 u 

u u .i 4_4 i. ^ 



Cu. yds. sand percu. yd. mortar. 



1:1 
Bbls. 


1: !..'> 


1:2 


1:2.5 


1:3 


Bbls. 


Bbls. 


Bbls. 


Bbls. 


4.22 


3.49 


2.97 


2.57 


2.28 


4.09 


3.H3 


2.81 


2.45 


2.16 


4.00 


3.24 


2.73 


2.36 


2.08 


881 
O.fi 


3.07 
0.7 


2.57 


2.27 


2.00 
~1.0 


0.8 


0.9 



1:4 

Bbls. 
1.76 
1.02 
IJA 
1 40 

l.(» 



TABLE IV 

Barrels of Portland Cement Per Cubic Yard of Mortai 

(Voids in Sand Being 45 per cent and 1 Bbl. Cement Yielding 3.4 Cubic 

Feet of Cement P. ste.) 



Proportion of Cement to Rand 


1:1 


1:1.5 


1:2 


1 : t^to 


1:3 


1:4 


Bbl. specified to be 3.5 cu. ft 

(i it (( o o u 

li 11 *' 4 '' , ' 
<( t( ''4 4 '' 


Bbls. 
4.62 
4.32 
4.19 
3.94 


Bbls. 
3.80 
3.61 
3.46 
3.34 


Bbls. 
3.25 
3.10 
3.()0 
2.i)0 


Bbls. 
2.84 
2.72 
2.(^4 
2.57 


Bbls. 
2.35 
2.16 
2.05 
1.8H 


Bbls. 
1.76 
1.62 
1..54 
1.40 


Cu. yds. sand per cu. yds. mortar. . 


0.6 


0.8 


0.9 


1.0 


1.0 


1.0 



TABLK V 

Ingredients in 1 Cubic Yard of Concrete 

(Sand Voids, 40 percent; Stone Voids, 45 percent; Portland Cement r>arrel 
Yielding 3.65 cu. ft. Paste. Barrel specified to be 3.s cu. ft.) 



Proportions by Volumi 



Bbls. cement per. cu. yd. concrete. . 
Cu. yds. sand ** '* 

stone 



(t 



<i 



(( 



Proportions by voluiii' 



Bbls. cement per cu. yd. coiit rete 
Cu. yds. sand 
stone 



(i 



n 
it 







1 : e : f) I 1 : 2 : <) 1 1 : ':.5 : .'i i : 2..') : r, i : :{ ; i 

~i.'mT i.is TTi .r 1 . ( )() ~ i . L>r> 

0.36 0.33 0.10 0.35 O..^'^ 
0.90 J_.00^ O.SO O.St 0.71 

i • 3 : 173 : 7 I • Y :7 f: 1 : S 1 : I : 9 

b.s2 77 o.7:r 

0.16 13 Oil 
O.SO ()S() 0.92 




This table is to be used when cement is measured packed in the bar- 
rel, for the ordinary barrel holds 3.8 cu. ft. 
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TABLE VI 

lns:redients in 1 Cubic Yard of Concrete 

(Sand Voids, 40 per cent; Stone Voids, 45 per cent; Portland Cement Barrel 
Yielding 3.05 cu. ft. of Paste. Barrel specified to be 4.4 cu. ft.) 



Pboporth)N8 by Vomme 



Bbls. cement per cu. yd. concrete. . 
Cu. yds. sand 
stone 



ti 



it 



t i 



Proportions hy volume , 

lil)is. cemenf per cu. yd. concrete 
('u. yds. sand 
stone 



(». 



(i 



t i 

i ( 



1:2:1 


1 - ♦> . t 
1 . «ir . ■■ 


1:2:6 


1 : 2.5 : 5 1 : 2.5 : C 


1:3:4 


1.30 1 1.10 


1.00 


1.07 


0.96 


1.08 


0.42 


0.3S 


0.33 


0.44 


0.40 


0.53 


O.Sl 


0.95 


1.00 


0.88 


0.95 


0.71 


1:3:5 1:3:01:3:71:4:7 


1:4:8 


1:4:9 


0.90 0.90 


0.S2 


0.75 


0.68 


0.64 


0.47 


0.44 


0.40 


0.49 


0.44 


0.42 


0.7S 


O.SS 


0.93 


O.SO 


O.SS 


0.95 



Tills table is to be used wlien tbe cement is measured loose, after 
dumping it into a box, for under such conditions a barrel of dement yields 
4.4 cu. ft. of loose cement. 

[Tables II to VI have been taken from Gillette'.s Handbook of Cost Data.] 

The two methods used in mixing]; concTete are hy hand and 
by machinery. Good concrete may he made by either method. 
Concrete mixed by either method should be carefully watched by 
a good foreman. If a krge quantity of concrete is requirtui it is 
cheaper to mix it by machinery. On small jol)s where the cost 
of erecting the plant and the interest and depreciation, divided 
by the number of cubic yards to be made, is a large item, or if fre- 
quent moving is required, it is very often cheaper to mix the con- 
crete by hand. The relative cost of the two methods usually depends 
upon circumstances, and must be workc<l out in each individual case. 

Hand Mixing. The placing and handling of materials and 

arranging the plant is varied by diHerent engineers and contractors. 

In general the mixing of concrete is a simple operation but should 

be carefullv watched bv an inspector. He should see: 
• ». 1 

(1) That the exact amount of stone and s;ind are measured out. 

(2) That the cement and .sand are thoroughly mixed. 

(3) That the ma.ss is thoroughly mixed. 

(4) That the proper amount of water is u.scd. 

(5) That care is taken in dum[)ing tin* concrete in place. 
(G) That it is thorouglily nunmed. 

The mixing ])latfonn, which is usually 10 to 20 feet square, 
is made of 1-inch or 2-inch plank planed on one sidi* and well nailed 
to stringers, and should be jjliiced as near the work as pos.sible, but 
so situated that the stone can be dumped on one side of it and the 
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sand on the opposite side. A very convenient way to measure the 
stone and sand is by the means of bottomless boxes. These boxes 
are of such a size that they hold the proper proportions of stone 
or sand to mix a batch of a certain amount. Cement is usually 
measured by the package, that is by the barrel or bag, as they con- 
tain a definite amount of cement. 

The method used for mixing the concrete has little effect upon 
the strength of the concrete, fcl the mass has been^^tumed a sufficient 
number of times to thoroughly mix them. One of the following 
methods is generally used. (Taylor and Thompson's Cancrc/^.) 

(a) Cement and sand mixed dry and shoveled on the stone or 
gravel, leveled ofT, and wet as the mass is turned. 

(b) Cement and sand mixed dry, the stone measured and dumped 
on top of it, leveled off, and wet, as turned with shovels. 

(c) Cement and sand mixed into a mortar, tlic stone placed on top 
of it and the mass turned. 

(d) Cement and sand mixed with water into a mortar which is 
shoveled on the gravel or stone and the mass turned with shovels. 

(e) Stone or gravel, sand, and cement spread in successive layers, 
mixed slightly and shoveled into a mound, water poured into the center, 
and the mass turned with shovels. 

The quantity of water is regulated by the appearance of the 
concrete. The best method of wetting the concrete is by measur- 
ing the water in pails. This insures a more uniform mixture than 
by spraying the mass with a hose. 

Mixing by Machinery. On large contracts the concrete is 
generally mixed by machinery. The economy is not only in the 
mixing itself but in tlie appliances introduced in handling the raw 
materials and the mixed concrete. If all materials are delivered 
to the mixer in wheel-barrows, and if the concrete is conveyed away 
in wheel-barrows, the cjst of making concrete is high, even if machine 
mixers are used. If the materials are fed from bins by gravity 
into the aiixer, and if the concrete is dumped from the mixer into 
cars and hauled away, the cost of making the concrt^te should be 
very low. On small jobs the cost of maintaining^ and operating 
the mixer will usually exceed the saving in hand labor and will 
render the expense with the machine greater than without it. 

The design of a plant for handling the material and concrete, 
and the selection of a mixer, depend upon local conditions, the 
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amount of concrete to ho mixTcl jxt day, and the total amount required 
on the contract. It is vcrv evident that on large jobs it pays 
t:) invest a large sum in niacliinerv to reduce the number of men 
and horses, but if not over ,")() cul)ic van Is art* to be deposited per 
day the cost of the niachinerA' is a big item and hand labor is gen- 
erally cheajxT. The interest on the plant nnist Ixj charged against 
the number of cubic yards of concrete; that is, the interest on the 
pant for a year must lie charged to tlie number of cubic yards of 
concrete laid in a year. Tlie depreciation of the plant is found by 
taking the cost of tlie entire plant when new, and then appraising 
i: after the contract is fini>]ied, and dividing the difference by the 
total cubic yards of concn^tc hiid. This will give the depreciation 
per cubic yard of concrete manufactured. 

Concrete Mixers. The l)e.>t concn^te mixer is the one that 
turns out the maximum of thoron^hlv mixed concrete at the minimum 
of cost for power, interest, and maintenance. The type of mixer 
with a compHcatc(l motion gives better and (juicker results than 
one with a simpler motion. There are two general classes of con- 
crete mixers; continuous mixers and hutch mixers. A continuous 
mixer is one into wliich tlie materials are fed constantlv and from 
which the concrete is (lischar<;cMl constantlv. Baiclt mixers are con- 
stnicted to receive tlu* cement with its j)roportionate amoimt of 
sand and stone all at one charge, and when mixed it is discharged 
in a mass. A vcrv distinct line cannot be drawn between these 
two classes, for many of these mixers arc adapted to either con- 
timiotis or batch mixing, (icncrally l)atch nnxers are preferred, 
as it is a vcm'v difficult matter to feed the mixers uniformlv unless 
the materials are nicclianicallv ineasuriMl. 

Contimious mixers usually consist of a long screw or pug mill, 
that ptishes the materials along a drnm until they are discharged 
in a continuous stream of concrete. A\ here the mixers are fed 
with automatic measuring (li'vices the concrete is not regular as there 
is no reei[)rocating motion of the materials. In a paper recently 
rea<l Ix^fore the Association of .\merican Portland Cement Manu- 
facturers by S. H. Xewberry, he states: "For the preparation of 
concrete for blocks in whieli th(U'ough mixing and tise of an exact 
and tmiform proportion of water are neees.sary, continuous mixing 
machines are tmsuitable, and batch mixers, in which a measured 
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batch of the material is mixed the required time, and then disehai^i-d, 

are the only type which will be found effective." 

There are three general types of concrete mixers: tjTaviiif 

mixers, rotary mixers, and paddle mixers. 

Gravity mixers are the oldest type of concrete mixers. Thev 
retjuire no power, the 
materials 'being nii.xed 
by striking olisfnielions 
wliicli throw them tii- 
(jether in their descent 
through the. machine. 
Their eon.stniction is 
ver\- simple. Fig. 7 illu.s- 
tnites ii portable graiity 
mixer. This ini.xer, as 
will \k- seen by llic fig- 
ure, is a sffH'l trough or 
shiMjt in which are con- 
tained niLxin^ nH'ml)ers 
consisting of pins <ir 
blades. The mixer is 
portable and ri'quires no 
skille<l lalK»r to operate 
it. There is nothing to 
get out of order or caust^ 
delays. It is adapted 
for both large and small 
jobs. T[i the former 




ea.se, it is 


Usuallv fed bv 


measun; ; 


mid bv this 


melhcKl < 


*vill prulucr 


concrete a 


s fast as tin- 


materials ■ 


r:m be fiti In 


ll,,.irr>.,s|» 


(live bins ;iiid 


tile mixe<l 


eonercic ciiii 



be taken from the discharge end of the mi.xer. On veri,- small jobs, 
the best way to operate is to measure the l>a(eh ii] layers of Ftone, sand, 
and cement respectively and feed to the mixer by men with shovels. 
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Tlun an two spriv pipis pliicwi on Ihc mi\cr for feeding 
by hand om spnj onlj would Ix ut)cd, tlie other spray is only in- 
tended for ust wlitn opirafing witli tlie measure and feeder, and a 
large amount of w iter ii rKjuired TheM, spravs are operated by 
handles which control tno gate ^a]\es and regulate the quantity 
of water whiih flows from the spny pipes 

rhest miter-, im m uk \n two st\ lis, bettionnl and non-sectional. 
The sectional tin Ih miili cithir 4 (i or S fcit long The non- 
<)(ctional art ni om kiiglli of (i s, or 10 ftit liot'i arc constructed 
of 1-inch stnl To ojxriti this mi\cr the n itcrnls must be raised 
to a platform is sh<mii in I ij; *> 

Rfifar)/ mi\trs Fig. 9, gener- 
alh consist of a cubical box mode 
of sttdand mounted onawcxtden 
fninc This sic il l»o\issupported 
hv I hollow sh ift through two 
ciiif^DuilU op[x>siti c-o mors and 
the water is supplied through 
o)>(iiiitss in the hollow shaft. 
Aliik rills lire dropped in at tlie 
suit of ihe mixer through a hinged 
iliHir Ihc iiiachinc is tlien re- 
Mjhcd scMTil times, usually 
ilunit 1') (uiics the door is 
ojHiHil, and the concrete is 
(Iimipcd o It into cirts or cars. 
Jhcn u"x no piddles or blades of 
(1 111* nuMng J his mixer is not 
if the frniu mil the iioi.sting of the 
itoiKiiiuc d 1 1 111 some of the more 




am kin I iiisuh the l>o\ to 
e\ixiiM\c Itself Imt th( «r< 
"■torn anil sinil oftni niidi r it K--s i 
i\ixnsi\e deiic(s 

Itot iting mixirs wlinh ( ml i 
are iisu lib mounttd on i siiii il>li t 
rotitmg of till ilruin limilil. s tli< 
the nuMng blidcs whuh nit il in 1 
of th<M miehines cm 1< hllid ir 
b\ tilting or b\ th ir shii((s I v 
and Fig llgiMs i seetion il \iew e 



II reHi.t rs or blules. Fig. 10. 

mil b\ the m imif icturc-rs. The 
II 111 nil iiiii It IS thrown against 
htow It fri 111 Mile to side. Many 
il dimiimi wliile running, either 
HI illustrites the "^niith mixer 

tin dnini ind shows the arrange- 



REINFORCED CONCRETE 27 

ment of the blades. This mixer is furnished on skids with driving 
pulley. The conerete is discharged by tihing the drum, whicli is 
done by power. 

Fig. 12 represents a Ransome mixer which is a batch mb;er. 
The concrete is discharged after it is mixed, without tilting the body 
of the "mbcer. It revolves continuously even while the concrete is 




being discharged. Riveted Ut t!ie inside of llie dnun is a number of 
steel scoops or blades. "These scoops pick up the material in the 
■bottom of the mixer, an<l, as the mixer re\'oIve.'i, tarr)- tiic material 
upward until it slides out of the scoops" and therefore assists in mixing 
the materials. 

Fig. 13 represents a McKelvey batch mixer. In this mixer, the 
level on the drum operates the discharge. The <lrum is fed and dis- 
charged while in motion and does not change its direction or its 
position in either feeding or di.seliarging. The inside of the drum is 
provided with blades to assist in the niixhig of the conerc'te. 

Paddle mixers may be either continuous or of the Imtch type. 
Mixing paddles, pn two shafts, revolve in opposite directions and the 
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concrete fulls through a trap door ui the bottom of the niacliine. In 
the continuous type the materials shoiilil lie [)ut in at llie upper tnd 




KlK, 13, MclvelM'j- UiLi'li MJi.r. 

SO OS to be pnrtislly niLxed dry. The water is supplied near the 
middle of the mixer. Fig. 1 4 repreaeots a type of the paddle mixer. 
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Aulomafic Measures for Concrete Materials. ^^ccKanical 
measuring niachinerj' for concrete materials have not been very 
extensively developed. One difficulty is that they require the con- 
stant attention of an attendant unless the materials are perfectly 
uniform. If tlie machine is adjusted for sand with a certain per- 
centage of moistun- and then is suddenly supplied with sand having 
greater or less moisture, the adjustment must be changed or the mix- 
ture will not Ijc uniform. If the attendant does not watch the con- 
dition of the materials very closely, tlic proportions of the ingredients 
will vary greatly from what they should. 




"The Trump measuring device, shown in Fig, l.j, consists of 
a horizontal revolving table on which rests the material to be measured 
and a stationary knife set above the table and pivoted on a vertical 
shaft outside the circumference. The knife can be adjusted to extend 
a proper distance into the material and peel off, at each revolution of 
tlic table, a certain amount which falls into the shool, The material 
peeled ol! is replaced from the supply containe<l in a bottomless stor- 
age cylinder somewhat smaller in diameter than the tabic and revohing 
with it. The depth of the cut of the knife is adjusted by swinging 
the knife around on its pivot, so that it extends a greater or less dis- 
tance into the nialerial. Tlic .swing is contntUcd by a screw nltached 
to an arm cast as p:irt of the knife. A micrometer .scale with pointer 
indicates the position of the knife, ^^^len it is desired to measure off 
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and mix three materials, the machines are made with three tables set 
one above the other and mounted on the same spindle so that they 
revol.'e together. Each table has its own storage cylinder above it. 
the cylinders being placed one within the other as shown l)y Fig. 16." 
Wetness of Coitcre e. The plasticity of concrete may l>e divided 
into three classes; dnj, medium, and wry wi. 




J)ry concrete is ust^ in foundations which may be subjected to 
severe compression a few weeks after being placed. It should not be 
placed in layers of more than 8 inches and should i>e thorouphly 
rammed. In a diy mixture the water will just flush to the surface 
only when it is thoroughly tamped. A dry mixture sets and wilt 
support a load much sooner than if a wellcr mixture is used, and 
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generally is only used where the load is to be applied soon after the 
ciincrete is placed. This mixture requires more than onlinarj- care 
in ramming as pockets are apt to l>e fonne<l. and one ni^niienl 
against it is the difficulty of getting a uniform product. 

Medium concrete will quake when rammed and lias a con- 




i^ 



^^ 



idapted for mass concrete, such as 
IS, arehes, abutments, and some- 



sistency of liver or jelly. It is 
retaining walls, piers, fotindatlo 
times for reinforeed concrete. 

A f'ery JVet mixture of concrete will ran off a shovel unless it 
is handled verj- quickly. An oniinai^' rammer will sink into it of 
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its own weight. It is suitable for reinforced concrete, such as thin 
walls, floors, columns, tanks, and conduits. 

Within the last few years there has been a marked change in 
the amount of water used in mixing concrete. The dry mixture has 
been superseded by a medium or very wet mixture, often so wet as 
to require no ramming whatever. Experiments have shown that dry 
mixtures give better results in short tinie tests and wet mixtures in long 
time tests. In some experiments made on drj-, medium, and wet 
mixtures it was found that the medium mixture was the most dense, 
wet next, and dry least. This experimenter concluded that the medium 
mixture is the most desirable, siu'^e it will not quake in handling, 
but will quake under heavy ramming. He found medium 1 per cent 
denser than wet and per cent denser than dry concrete; he con- 
siders thorough ramming important. 

Concrete is often used so wet that it will not only quake but flow 
freely, and after setting it appears to be verj' dense and hard, but 
some engineers think that the tendency is to use far too much rather 
than too little water, but that thorough ramming is desirable. In 
thin walls very wet concrete can be more easily pushed from the 
surface so that the mortar can get against the forms and give a smooth 
surface. It has also been found essential that the concrete should 
be wet enough so as to flow under and around the steel reinforcement 
so as to secure a good bond iK^tween tlie steel and concrete. 

Following are the specifications (1903) of the American Rail- 
way Engineering and Maintenance of Way Association : 

**The concrete shall he of such consistency that when dumped 
in place it will not require tamping; it shall Ix^ spaded down and 
tamped sufBciently to level off and will then (juake freely like jelly,, 
and be wet enough on top to require the use of rubber boots by 
workman." 

Transporting and Depositing Concrete. Concrete is usually 
deposited in layers of 6 inches to 12 inches in thickness. In handling 
and transporting concrete care must Ix^ taken to prevent the separa- 
tion of the stone from the mortar. The usual method of trans- 
porting concrete is by wheel-barrows, although it is often handled by 
cars and carts, and on small jobs it is sometimes carried in buckets. 
A very common practice is to dump it from a height of several feet 
into a trench. Many engineers object to this process as they claim 
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that the* heavy and lifjlit portions sepanite wlfilc faUing and the con- 
crete in therefore not niiiforni through its inas.s, itml they insist tliut 
if must lie gently shd into place. A wet mixture is much easier to 
handle than a dn' mL\ture, ns the .stone will not so 
readily si-parate from the mass. A very wet mixture 
has Uen (fep<isite<l from the top of forms 43 feet 
high anil the stnicturi' was found to be waterproof. 
On the otiicr liand, the stones in a dry mixture Tvill 
separate fron^ the mortar on the slightest prm'oca- 
tion. Where it is neeessary to drop a diy mixture 
si>venil feet, it should l)e done hy means of a chute 
or pipe. 

Ramming Concrete. Immetliately after con- 
cit'te is placed, it shouhl Ix; rammed or puddled, 
care Uiiij? taken to force out the air-bubbles. Tbe 
Fif. II Knniin.T amount of riimiiiing necessaiy depends upon how 
'"isii.'iJaiiSs"' much water is used in mixing the eoncrete. If a 
"' ^"' veri- wet mixture isusiil, then- isdangcrof toomuch 

ramming, which results in wedging tlie stones together and forring 
the cement and sjuid to the snrtaee. The chief object in ramming 
a verj' wet niixtun- is simply to expel tlie bubbles of air. 

Tile style of rammer onliiiarily used dep".'nds 
on wliether a drj', mediinn, or ^Try wet mixtun' is 
iised. A rammer for ilrj' concrete is shown in 
Fig. 17; and one for wet concrete, in Fig. ^'^. In 
very thin walls, where a wet mixtun' is nscd, often 
the tamping orpudtlling is done with a piirt of 
a reinforcing bar. A emnnion spade is often em- 
ployed for the face of work, being u.si'd to push 
liack .stones that may have separated fn)ni the 
mass, and ul.so to work the finer portions of the 
mass to the face, the nietluxl lieiiig to work the 
spade up and down the face until it i.s thoroughly 
filled. CaVe nuist be taken not to pry with the 
spade, a.s this will spring the forms inilcss diey 
are verj- simiig. 

Bonding Old and New Concrete, 'j'o sicnn- a water-tight joint 



Rninnier tor 



betwoe'i old and new concrete, reqiiin'S a great deal of c 
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the strain is chiefly compressive, as in foundations, the surface of tlie 
concrete laid on the previous day should he washed with clean water, 
no other precautions being necessarj'. In walls and floors, or where 
a tensile stress is apt to be applied, the joint should l>e thoroughly 
washed and soaked, and then painted with neat cement or a mixture 
of one part cement and one part sand, made into a very thin mortar. 

In the construction of tanks or any other work that is to be 
water-tight, in which the concrete^ is not placed in one continuous 
operation, one or more square or \'-shaped joints are necessar}'. 
These joints are formed by a piece of timber, say 4 inches by 6 inches, 
being imbedded in the surface of the last concrete laid each day. 
On the following morning, when the timber is removed, the joint is 
washed and coated with neat cement or 1 : 1 mortar. Tiic joints may 
be either horizontal or vertical. The bond between old and new con- 
crete may be aided by roughening the surface after ramming or be- 
fore placing the new concrete. 

Effects of Freezing of Concrete. Many experiments have been 
made to determine the efl*ect of freezing of concrete before it has a 
chance to set. From these and from practical experience, it is now 
generally accepted that the ultimate effect of freezing of Portland 
cement concrete is to produce only a surface injur}% • The setting 
and hardening of Portland cement concrete is retarded, and the 
strength at short periods is lowered, by freezing; but the ultimate 
strength appears to be only slightly, if at all, affected. A thin scale 
about ^'g^ hich in depth is apt to scale off from granolithic or concrete 
pavements which have been frozen, leaving a rough instead of a 
troweled wearing surface; and the effect upon concrete walls is often 
similar; but there appears to be no other injur}'. Concrete . should 
not be laid in freezing weather, if it can be avoided, as this involves 
additional expense and reijuires greater precautions to be taken; 
but with proper care, Portland cement concrete can be laid at almost 
any temperature. 

The heating of the material hastens the setting of the cement, 
and also keeps it above the freezing point for Ji longer period. Salt 
lowers the freezing point of water, and when used in moderate 
quantities does not appear to affect the ultimate strength of the con- 
crete. Authorities differ on the amount of salt that may be used; 
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but from four to ten pounds to each barrel of cement will not decrease 
the strength of the concrete. 

Finish. To give a satisfactory finish to exposed surfaces of con- 
crete is nither a difficult problem. Usually, when the forms are taken 
down, the surface of the concrete shows the joints, knots, and grain 
of the w(Kxl. It has more the appi^arance of a piece of rough car- 
pentry work than of finished masoniy. 
Some sjXH'ial treatment is therefore nec- 
essar}'. Plastering is not usually success- 
ful, although there are cases where a 
mixture of equal parts of cement and sand 
have appartMitly been successful. Where 
finisluMl nnigh, it did not show hair- 
cracks; but when finished sm(X)th, it did 
show them. In constructing the Harvard 
Universitv Stadium, care was taken, after 
the concrete was placed in the forms, to 
force t\\v stones back from the face and 
ptTuiit the mortar to cover every stone. 
When the forms were n^moved, the sur- 
face was picked with a tool as shown in 
Fig. 19. A pneumatic tool has also been 
adopted for this purjK)se. 

The numl)cr of sfjuan* f<»et to be picked per day, depends on the 
hardness of tlic concrete. If the picking is performed by hand, it is 
(lone by a common laborer; and he is expected to cover, on an average, 
about .')() s(|uarc feet per day of ten hours. With a pneumatic tool, 
a man would cover from 400 to r)()0 s(|uare fei^t per day. 

Several concrete l)ridges in Philadelphia have l)een finished 
accordin*:: to the following specifications; and their apjX'arance is veiy 
satisfactorv: 

"(Iraiiolithic surfacing, wliore rcquin-d. shall hv composed of 1 part 
(•(Miicnt, '2 parts coarst* sainl (»r ^nivt'l, an«i L* parts main 'lit hie grit, made into 
a stiir mortar. (Jranolit liic grit shall he granite or trap rock, cruahed to 
pass a l-iinh sieve, and screened (»f dust. I'or xertical surfaces, the mixture 
shall he dej)o>ited against the face forms to a minimum thickness of 1 inch, 
hy skilled workmen, as the placing of the concrete i)roceeds; and it thus 
forms II part of the body of the work. Care must he taken to prevent the 
occurrence t>f air-spaces or voids in the surface. The face shall be removed 
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as soon as the concrete has sufficiently hardened; and any voids that may 
appear shall be filled with the mixture. The surface shall then be immedi- 
ately washed with v/ater until the grit is exposed and rinsed clean, and shall 
be protected from the sun and kept moist for three days. For bridge-seat 
courses and other horizontal surfaces, the granolithic mixture sliall be 
deposited on the concrete to at least a thickness of li-inches, immediately 
after the concrete has been tamped and before it has set, and shall be troweled 
to an even surface, and, after it has set sufficiently hard, shall be washed 
until the grit is exposed." 

A verj' satisfactorj' finisli for a ten-span reinforced concrete 
viaduct on the Utica & Mohawk Railway, was produced in the follow- 
ing manner: For a hard wall, the surface was wet, and a thin 1 :2 
mortar was applied with a brush. The surface was then thoroughly 
rubbed w^ith a piece of grindstone or carborundum, removing all 
broad marks and filling all pores, and producing a lather on the 
surface of the concrete; and before this had time to dry, it was gone 
over with a brush dipped in water, producing a smooth, even, and 
uniform color. For a greei. wall, when the fonus were removed in 
less than seven days, the surface was wet, and a thin grout of pure 
cement was applied with a brush; the surface was then nibbed with 
a piece of grindstone or carl)orundum, and finished in the same 
manner as above described. This method has been used by other 
railroaxl companies also, on similar work; and the results have been 
found exceedingly satisfactory. 

The following method has l>een adopteil l)y the New York Cen- 
tral Railroad for giving a good finish to exposed concrt^te surfaces: 
The forms of 2-inch tongued-and-grooved pine were coated with soft 
soap, all openings in the joints of the fonns being filled with hanl 
soap. The concrete was then deposited, and, as it progressed, was 
drawn back from the face with a square-pointed shovel, and 1:2 
mortar poured in along the fonns. When the forms were removed, 
and while the concrete was green, the surface was rul)be(l, with a 
circular motion, with pieces of white firebrick or brick composed of 
one part cement and one part sand. The surface was then dampened 
and painted with a 1:1 grout, nibbed in, and finished with a wooden 
float, leaving a smooth and hard surface when dry. 

Floors and walks are often finished with a 1-inch coat of cement 
and sand, or of cement, sand, and grit, which is usually mixed in 
the proportions of 1 part cement and 1 part sand, or of 1 part cement. 
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1 pjrt sitid 111(1 1 jwrt ynt (Sec tig 20 ) Thii Smstung coat 
mutit Ix. put on iHfort the (i>nmk of tht htse sets The cement 
and sand muat Ik tliurou^hh mixed ^\liiVdrv su as to have a unifona 
color 

In ofhcc Iniiklnigs mil gtiitnilly in f Kton huildings, a wooden 
floor IS laid o\Lr tta concrete \\oo(len stnngcrb are first laid on 




the ciincrctf, jdjoiit 2 to 21 feet ii[>:trt. The stringers an- 2 hiches 
thick a:id 3 iiielierf widir i):i tup. wirh sloping (xlgi-s. The space 
l)etween the stringers is (illiil with cinder concn-te, as shown in Fig. 
21, usually niixe)! 1 : 4 : >^. V.'hen t!ie cu;;cn'to has set, tlie flooring is 
imileil to the stringers. 

Tiie following inctlii):! of placing mortar facing has been found 
very siitisfactory, and has been adopted verj' extensively in the last 



few years: A slircl-iron plate (i or S inches wide and alwut 5 or 6 
feet long, has riveloil aiTuss it an one side angles of J-inch size or such 
other sizi; as may lie ni-ccssiny to give ilie desired thickness cf mortar 
facing, these angles Ix-ing spaced about two feet apart. In operation, 
the ribs of the angles are place<l against die fonns; and the space be- 
tween the ptate and forms is (i!lcil with mortar, which is mixed in 
small batches, and ihonmglily lampi'd. The coiien'te back filling is 
then placed; the mold is withdrawn; arid the facing and bai-k filling 
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are rammed together. The mortar facing is mixed in the proportion 
of one part cement, to 1, 2, or 3 parts sand; usually a 1 : 2 mixture is 
employed, mixed wet and in small batches as used. As mortar facing 
shows the roughness of the fonns more readily than concrete does, 
care is required in constructing, to secure a smooth finish. When 
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the forms are removed, the face mav he treated either in the manner 
already described, or according to the following method taken from 
the "Proceedings'* of the American Railway Engineering and Main- 
tenance of Way Association : 

"After the forms are removed, any small cavities or openings in the 
concrete shall be filled with mortar if necessary. Any ridges due to cracks or 
joints in the lumber shall be rubbed down; the entire face shall be washed 
with a thin grout of the consistency of whitewash, mixed in the proportion 
of 1 part cement to 2 parts of sand. The wash shall Ixj applied with a brush." 

Concrete surfaces may be finished to represent ashlar masonry. 
The process is similar to stone-dressing; and any of the forms of 
finish employed for cut stone can be used for concrete. Very often, 

when the surface is finished ,..,>,.,.,,,,,,^^^^^^^^^ 

to represent ashlar masonry, ^ - ^ ^^ 

vertical and horizontal 

three-sided pieces of wood 

are fastened to the forms to 

make V-shaped depressions 

in the concrete, as shown in 

Fig. 23. 

A facing of stone or 
brick is frequently used for 
reinforced concrete, and is a very satisfactory solution of the problem 
of finish. The same care is rt^juired with a stone or brick facing 
as if the entire structure were stone or brick. The Ingalls Building 
at Cincimiati, Ohio, 16 stories, is veneered on the outside with marble 






Fig. 23. Coucrete Molding. 
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to a height of three stories, and with brick and terra-cotta above the 
third story. Exclusive of the facing, the wall is 8 inches thick. 

Water-tightness of Concrete. Water-tight concrete, or concrete 
made water-tight by some kind of waterproof coating, is frequently 
required, either for inclosing a space which must be kept dry, or for 
storing water or other li(|uids. 

It is generally considered that in monolithic construction, a wet 
mixture, a rich concR»te, and an aggregate proportioned for great 
density, art* essential for water-tightness. With the wet mixtures of 
concrete now generally used in engineering work, concrete possesses 
far greater density, and is corresjK^ndingly less i)on)Us, than with the 
older, drj'cr mixtures. At tlie same time, in the large masses of actual 
work, it is difficult to pRwluce concrete of such close texture as to 
prevent undesirable seepage at all points. Many efforts have been 
made to secure water-tightness of concrete in a practical manner — 
some with success, but others with unsiitisfactory results. There 
are now a great many sjH'cial })reparations being advertised for 
making concrete water-tiglit. 

It has fre(juently been ol)served that when concrete was green, 
there was a considerabU^ seepage through it, and that in a short time 
absolutely all sc^epage stopped. Some experiments have l)een made 
to render porous concrete impermeal)l(*, 1)V forcing water through a 
rich concrete under pressure. In these experiments, a mixture of 
1 part Portland cement to 4 parts crushed gravel was used. The 
concrete tested was inches tliick. The flow through the concrete 
on the first day of the experiment, under a pressure of 30 pounds 
per s(|uare inch, was taken as 100 jhm' cent. On the forty-sixth day, 
under a pressure of 48 [)oun(ls j)er scjuare inch, the flow amounted 
to only 0.7 per cent. 

While the pressure was constant, the rate of seepage of the water 
decreased with the lapse of time, showing a marked tendency of the 
seepage passages to l)econie closed. The experimenter is of the opin- 
ion that the water, undiT pressure, (lis.solvcif some of the material 
and V en deposits it in stalactitie form near the exterior surface of the 
concrete, where the water escapes under much reduced pressure. 
Others, however, think it (juite possil)le that fine material carried 
in smspcfiiflon l)y the water aids in producing the result. 

For cistern work, two coats of Portland cement grout — 1 part 
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cement, 1 part sand — applied on the inside, have been found sufficient. 
About one inch of rich mortar has usually been found effective under 
high pressure. A coating of asphalt, or of asphalt with tarred or 
asbestos felt, laid in alternate layers between layers of concrete, has 
been used successfully. Coal-tar pitch and tarred felt, laid in alter- 
nate layers, have been used extensively and successfully in New York 
City for waterproofing. 

Mortar may be made practically non-absorbent by the addition 
of alum and potash soap. One per cent by weight of j)owdered alum 
is added to the dry cement and sand, and thoroughly mixed; and 
about one per cent of any potash soap (ordinary soft soap) is dissolved 
in the water used in the mortar. A solution consisting of 1 pound of 
concentrated lye, 5 pounds of alum, and 2 gallons of water, applied 
while the concrete is green and until it lathers freely, has been suc- 
cessfully used. Coating the surface with boiled linseed oil until 
the oil ceases to be absorbed, is another method that has been used 
with success. 

A reinforced concrete water-tank, 10 feet inside diameter and 
43 feet high, designed and constructed by W. B. Fuller at Little Falls, 
N. J., has some remarkable features. It is 15 inches thick at the 
bottom and 10 inches thick at the top. The tank was built in eight 
hours, and is a. perfect monolith, all concrete being dropjx^d from 
the top, or 43 feet at the beginning of the work. The concrete was 
mixed very wet, the mixture being 1 part cement, 3 parts sand, and 
7 parts broken stone. No plastering or waterproofing of any kind 
was used^ but the tank was found to be absolutely water-tight, 
although the mixture used has not generally been found or considered 
water-tight. 

At Attleboro, Mass.," a large reinforced concrete standpipe, 50 
feet in diameter, 106 feet high from the inside of the bottom to the 
top of the cornice, and with a capacity of 1,500,000 gallons, has been 
constructed, and is in the ser\'ice of the water works of that city. 
The walls of the standpipe are 18 inches thick at the bottom, and 8 
inches thick at the top. A mixture of 1 part cement, 2 parts sand, 
and 4 parts broken stone, the stone varj^ng from J inch to 1 1 inches, 
was used. The forms were constnicted, and the concrete place<l, in 
sections of 7 feet. When the walls of the tank had been completed, 
there was some leakage at the bottom with a head of water of 100 
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feet. The inside walls were then thoroughly cleaned and picked, 
and four coats of plaster applied. The first coat contained 2 per 
cent of lime to 1 part of cement and 1 part of sand; the remaining 
hrce coats were composed of 1 part sand to 1 part cement. Elach 
coat was floated until a hard, dense surface was produced; then it 
was scratched to receive the succeeding coat. 

On filling the staiidpipe after the four coats of plaster had been 
applied, the standpipe was found to be not absolutely water-tight. 
The water was drawn out ; and four coats of a solution of castile soap, 
and one of alum, were applied alteniately ; and, under a 100-foot head, 
only a few leaks then appeared. Practically no leakage occurred 
at the joints; but in several instances a mixture somewhat wetter 
than usual was used, with the result that the spading and ramming 
served to drive the stone to the bottom of the batch being placed, 
and, as a conse(iuence in these places porous spots occurred. The 
joints were obtained by inserting beveled tonguing pieces, and by 
tlioroughly washing the joint and covering it with a layer of thin 
grout before placing additional concrete. 

In the construction of the filter plant at Lancaster, Pa., in 1905, 
a pure-water basin and several circular tanks were constructed of 
reinforced concrete. Tlie pun*-water basin is 100 feet wide by 200 
feet long and 14 feet deep, with buttresses spaced 12 feet 6 inches 
center to center. Th:» walls at the bottom are 15 inches thick, and 
12 inches thick at the top. Four circular tanks are 50 feet in diameter 
and 10 feet high, and eight tanks are 10 feet in diameter and 10 
feet high. The walls are 10 inches thick at the bottom, and 
G inches at the top. A wet mixture of 1 part cement, 3 parts sand, 
and 5 parts stone, was used. No waterproofing material was used, 
and the basin and tanks are water-tight. 

Forms. In actual construction work, the cost of forms is a large 
item of expense, and oilers the lx\st field for the exercise of ingenuity. 
For economical work, tlu* design should consist of a repetition of 
identical units; and the fonns should be so dc^vised that it will require 
a mhiimum of nailing to hold them, and of lalx)r to make and handle 
them. Forms arc constructed of the cheaper grades of lumber. 
To secure a smooth surface, the planks are plai:e<l on the side on 
which the concrete will \yv placed, (irecn lumber is preferable to 
dry, as it is less aflccted by wet concrete. If the surface of the planks 
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that are placed next to the concrete are well oiled, the planks can be 
taken down much easier, and, if they are kept from the sun, can be 
used several times. 

Crude oil is an excellent and cheap material for greasing forms, 
and can be applied with a white-wash brush. The oil should be 
applied every time the forms are used. The object is to fill the pores 
of the wood, rather than to cover it with a film of grease. Thin soft 
soap, or a paste made from soap and water, is also sometimes used. 

In constructing a factory building of two or three stories, usually 
the same set of forms are used for the different floors; but when the 
building is more than four stories high, two or more sets of forms are 
specified, so as always to have one set- of forms ready to move. 

The forms should be so tight as to prevent the water and thin 
mortar from running through, and thus carrying off the cement. 
This is accomplished by means of tongued-and-grooved or beveled- 
edge boards; but it is often 
possible to use square lum- 
ber if it is thoroughly wet so 

as to swell it before the pjg 04. Tonprued and neveled Edge 

concrete is placed. The Grooved Edge. 

beveled-edge boards are often preferred to tonguc-and-grooved 
boards, as the edges tend to crush as the boards swell, and this pre- 
vents^ buckling. 

Lumber for forms may be made of 1-inch, 14-inch, or 2-inch 
plank. The spacing of studs depends in part upon the thickness of 
concrete to be supported, and upon the thickness of the boards on 
which the concrete is placed. The size of the studding depends 
upon the height of the wall and the amount of bracing used. Except 
1^ veiy heavy or high walls, 2 by 4-inch or 2 by 6-inch studs are used. 
For ordmary floors with 1-inch plank, the supports should be placed 
about 2 feet apart; with IJ-inch plank, about 3 feet apart; and 
2-inch plank, 4 feet apart. 

The length of time required for concrete to set depends upon the 
weather, the consistency of the concrete, and the strain which is to 
come on it. In good drying weather, and for very light work, it is 
often possible to remove the forms in 12 to 24 hours after placing the 
concrete, if there is no load placed on it. The setting of concrete is 
greatly retarded by cold or wet weather. Forms for concrete arches 
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and l>c!tms must be loft in place longer than in wall work, because of 
the tendency to fail l»y nipture across the arch or beam. In small, 
circular arches, like sewers, the forms may be 
removed in 18 to 24 hours if the concrete is 
mLved dry; but if wet concrete is used, in 24 
to 48 hours. Forms for lai^ arch culverts 
and areli bridges are seldom taken down in 
less than 14 days; and it is often specified that 
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they ninst not be struck for 2S diiys 
after placing the hist concrete. In | 
onlinary floor construction, consisting 
of stabs, ginlers, and beams, the forms 
arc usually left in place at least a week. 
In constmcting columns, the forms 
are usually erected complete, the full 
height of the column, ajid concrete is 
dnnipeil in at the top. The concret*^' , 
must be mixed ^-erj- wet, as it cannot 
be riimmed very tlioroughly at the bot- 
tom, and care must be taken not to displace the steel. Sometimes 
the forms are constructe<l in short sections, and the concrete is 
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placed and rammed as the forms are built. The ends of the bottom 
of the forms for the girders and beams, are usually supported by 
the colunm forms. To give a beveled edge to 
the comer of the columns, a triangular strip is 
fastened in the comer of the forms. 

Fig. 25 shows the common way, or some 
modification of it, of constructing forms for 
column. The plank may l)e 1 inch, l\ inches, 
or 2 inches thick: and the cleats are usuallv 
1 by 4 inches and 2 by 4 inches. The spacing 
of the cleats depends on the size of the columns 
and the thickness of the vertical plank. 

Fig. 2G shows column forms similar to those 
used in constmcting the I^ar^^1rd stadium. 
The planks forming each side of the column 
are fastened together by cleats, and then the 
four sides are fastened together by slotted cleats 
and steel tie-rods. These forms can be quickly 
and easilv removed. 

Fig. 27 shows column ^orms in which the 
concrete is placed and rammed as the fonns 
are constnicted. Three sides are erected to 
the full height, and the steel is then placed. The fourth side is built 
up with horizontal boards as the concrete is placed and rammed. 

A very common style of forms for lH\im and slab CMistniction 
is shown in Fig. 28. The size of the differcMit members of the forms 
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Vii;. 27, Forms for 
Columus. 
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Fig. 28. Forms for Beams and Slabs. 



depends upon the size of the beams, the thickness of the slabs, 
and the relative spacing of some of the memlx*rs. If the In^am is 
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10 hy 20 iiiciu':i, and tlic slab is 4 inches thick, then I-inch p^ank 
supported \>y 2 hy fl-iiuh timlx-rs spacitJ 2 feet apart, will support 
the s!ai>. The sides ami I>()tti)ni of the Iwams are enclosed hy 1 1-ir.ch 
or 2-inch plank suppiirteil hy .'i hy 4-ineh posts spaced 4 feet apart. 




Ill !•>. 20 is sliinvii til. 
with I-Ih'«ih tmistniction. 
to those just ihscrihcd. 




Williiiin v. Ki'ams {'1\ 
Concrete"]. 

Tile eoiistniction of 
of 1-lH-arns, is a , 
lively siiiiph' |iro(ess, 
sliown in Fip 31. In 
form of M>cani and 
construction, die forms 
be constructed to carni- 
eonil)ine<! weiffjit of the < 
erefe and forms. Wlie 
witli ecmcrete. il is not 
the bottom llanjje (Fig. 



■ forms for a reinfon'e<i concrete slob. 
These fonns an' constructed similarly 



A slab construction, 
supported on I-U-iims, the 
lioltom of whieli is not cov- 
ered witli concrete, may 
liave fonns eonstmcled as 
sJKwn in Fig. 30. This 
nii-liiod of constructing 
fonoM was designe<I by Mr, 
ips<m, •i'lain arul Ueinforced 



!> lliat is supporti'd on tlie top 




i' liottom of iIlc I-l)cam is to !>e covered 
iisily ilone as when tlu' hanncli rests on 
or is a Hat plafe (Fig. ."Jl). 
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Forms for conduits and sewers must be strong enough not to give 
way under, or to become deformed, while the concrete is being placed 
and rammed, and must be rigid enough not to warp from being 
alternately wet and dry. They must be constructed so that they 
can rc*adily be put up and taken 
down and can be used several 
times on the same job. The 
forms must give a smooth and 
even finish to the interior of the 
sewer or conduit. This has been 
accomplished on several jobs by 
covering the fonns with light- 
weight sheet iron. 

These forms are usuallv built 
in lengths of 10 feet, with one 
center at each end, and with three 
to five (depending on the size of 
the sewer or conduit) intermedi- 
ate centers in the lengths of 15 feet. The segmental ribs are bol ed 
together. The plank for these forms are made of 2 by 4-inch ma- 
terial, surfaced on the outer side, with the edge beveled to the 
radius of the conduit. The segmental ribs are bolted together, and 
are held in place by wooden ties 2 by 4 inches or 2 by inches. 




Pljr. 32. Center for 8-ft. Sewer. 
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GENERAL THEORY OF FLEXURE IN REINFORCED CONCRETE 

Introduction. The theorj' of flexure in reinforced concrete is 
exceptionally complicated. A multitude of simple niles, formulae, 
and tables for designing reinforced concMvte work have been proposed, 
some of which are sufficiently accurate and applicable under certain 
coruUtions, But the effect of these various conditions should be 
thoroughly understood. Reinforced concrete should not be designed 
by "rule-cf-thumb" engineers. It is hardly too strong a statement 
to say that a man is criminally careless and negligent when he attempts 
to design a structure on which the safety and lives of people will 
depend, without thoroughly understanding the theorj^ on which any 
formula he may use is based. The applicability of all formulae is 
so dependent on the quality of the steel and of the concrete, and on 
many of the details of the design, that a blind application of a formula 
is very unsafe. Although the greatest pains will .be taken to make 
the following demonstration as clear and plain as possible, it will be 
necessary to employ sjnnbols, and to work out several algebraic 
formulae on which the rides for designing will Ix* baseil. The full 
significance of many of the terms mentione<l below may not be fully 
understood until several subsequent paragraphs have been studied : 

h = Breadth of concrete beam ; 

d =■ Depth from compression face to center of gravity of the steel; 
A « Area of the steel ; 

p ■= Ratio of area of steel to area of concrete above the center of gravity 
of the steel, generally referred to as "percentage of reinforcement/* 

-1 . 

° hd ' 

Em — Modulus of elasticity of steel; 

£"c = Initial modulus of elasticity of concrete; 

E 
r = L*- = Ratio of the moduli; 

8 — Tensile stress per unit of area in steel; 
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c = C()inj)r('ssivc stress per unit of area in concrete at the outer fiber of the 

Ix'ain; tliis ninv vary from zero to r' : 
<:' — Ultimate compressive stress ])er unit of area in concrete — the stress 

at which faihirc might be exi)ected; 
€. = Deformation'per unit of length in the steel; 
€r = " " " *' *' in outer fiber of concrete; 

" " " " " in outer fiber of concrete when crushing 

is imminent; 
Deformation per unit of length in outer fiber of concrete under a cer- 
tain condition (described later); 






€% 



9= 7-= Ratio of^deformations; 




UliUiiniM 




k = Ratio of depth from comjjressive face to the neutral axis to the total 

efTcctive dei)th d] 
X == Distance from compressive face to center of gravity of compressive 

stresses; 
i) X =-- Summation of horizr^ntal compressive stresses; 
M -— l^esisting m<jment of a section. 

Statics of Plain Homogeneous Beams. As a prcliininiin- to the 
theory of i\ui use of reinforced concrete in beams, a very brief dis- 
cussion will be given of the 
statics of an ordinar\' homo- 
geneous beam. Let A B 
repres(*nt a lx\im carrying 
a unifonnlv distributed load 
W\ then the beam is sub- 
jected to transverse stresses. 
Ix't us imagine that one- 
half of the Ix^am is a ''free body" in space and is acted on by exactly 
the same external forces; we shall also assume the forces C and T 
(acting on the exposed section), which are just such forces as are 
re(juired to keep that half of the beam in equilil)rium. 

These forces, and their direction, are represented in the lower 
diagram by arrows. The load W is represented by the series of 
small, ecpial, and c(|ually spaced vertical arrows pointing downward. 
The reaction of the abutment acjainM the hram is an upward force, 
shown at the left. The forc(\s acting on a sccfion at the center are the 
equivalent of th(» two equal forci^s C and T. 

Tile forci' (\ acting at the toj) of the section, must act toward 
the left, and thrre is therefore compression in that part of the section. 
Similarly, the force T is a force acting towanl the right, and the 



Fig. 33. 
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fit)ers of the lower pjirt i>f the Wain nrc in tfiisiori. For our present 
purpose we may fonsiiler that tlic forces C and T iire in each ease 
the resultant of the forces acting on u very lat^e number of "fibers." 
The stress in the outer fibiTs is of course 
greatest. At the center of the height thert; 
is neither tension nor con) press I (»ri. Tliis 
is called the "neutral axis." 

I,ot lis consider for sim]>licity a ver}' 
narrow portion of the Warn, having the ; 
full length and <lepth, but so narrow that 
it includes only one sot of ril>ers, one above 
the other, as .•shown in Fig, It."). In the case of a plain, rect- 
angular, homogeneous beam, the stresses in the fil)ers would lie as 
pven in Fig. 34; the neutral axi.s would Im- at the center of the height, 
and the stress at the Iwttom and the lop would be equal but opposite. 
If the section were at the center of the Ix^am, with a uniformly dis- 
tributed load (as indicateil in Fig. 33), the "shear" would be zero. 
These gt-neral principles Jiave already been explained in "Strength 
of Materials," sections .")7-(K). 

A iK-am may be coiistnicted of plain concn-te; hut its strength 
will be ver}' small, since the tensile strength of concri'te is compara- 
tively insignificant. Iteinforeed concrete iitili/X'S tlie great tensile 
strength of steel, in cimibination with the compressive strength of 
concrete. It should be realized that the essential qualities are 
compression, and fcnshn, and that (other things IK-Ing eijual) the 
cheapest metho<l of obtainhig the necessary <'()mpR'ssi()n and tension 
is the most econonii<-al. 

Economy of Concrete for Compression. 
The ultimate compressive strength of am- 
ea'te is generally 2,000 pounds or over per 
square inch. With a factor of safety of four, 
a working stressof 50(1 pounds pi-T square inch 
maybe considered allowable We may esti- 
mate that the conCR'te costs twenty cents [xt 
cubic foot, or $5.40 per cubic yunl. On tlie 
otlier hand, we may estimate that the steel, 
placed in the work, costs al«)ut three cents [)er pound. It will weigh 
480 pounds per cubic foot; therefore tlie steel costs S14.40 per cubic 




Fig. 35. 
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foot, or 72 times as much as an equal volume of concrete or an equal 
cross-section per unit of length. But the steel can safely withstand a 
compressive stress of 10,000 pounds per scjuare inch, which is 32 
times the safe working load on concrete. Sinc*e, however, a given 
volume of steel costs 72 times an e<|ual volume of concrete, the cost 
of a given compressive resistance in steel is J | (or 2.25) times the cost 
of that resistance in concrete. Of course, tlie above assumed unit 
prices of concrete and steel will varj' with circumstances. The 
advantage of concrete over steel for compression may be somewhat 
greater or less than the ratio given above, but the advantage is almost 
invariably with the ( oiuTcte. There an* many other advantages in 
addition, which wiirin^ discussed later. 

Economy of Steel for Tension. The ultimate tensile strength of 
onlinary concrete is rart^ly more than 200 pounds per square inch. 
With a factor of safety of four, this would allow a working stress of 
only 50 pounds per square inch. This is generally too small for 
practical use, and certainly too small for economical use. On the 
other hand, steel may be used with a working strt^ss of 16,000 pounds 
per square inch, which is 320 times that allowable for concrete. 
Using the same unit values for the cost of steel and concrete as given 
in the previous section, even if steel costs 72 times as much as an equal 
volume of concrete, its real tensile value economically is V/" (P^ 4.44) 
times as great. Any reasonable variation from the above unit values 
cannot alter the essential truths of the econoinv of steel for tension 
and of concrete for compression. In a n^inforccHl concrete beam, 
the steel is placed in the tension side of the beam. Usually it is placed 
from one to two inches fn)m the outer face, with the double purpose 
of protecting the steel from corrosion or fire, and also to better insure 
the union of the concrete and the steel. But the concrete below the 
steel is not considered in the numerical calculations. Even the con- 
crete which is between the steel and the neutral axis (whose position 
will be discussci^l later), is cliiefiy useful in transmitting the tension 
in the steel to the concrete. Although such concn'te is theoretically 
subject to tension, and does actually contribute its share of the tension 
when the stresses in the beam are small, the proportion of the necessary 
tension whi(!h the concrete can furnish when the beam is heavily 
loaded, is so very small that it is usually ignored, especially since such 
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FIk- 5W. Tninsmlsslon of Ten- 
sion in SK'rl to Coiierete. 



a policy is on the side of siifety, and also since it greatly simplifies the 
theoretical calculations ai^cl yet makes very little difference in the 
final result. We may therefore consider that in a unit section of the 
beam, as in Fig. 30, the concrete alx)ve tlie neutral axis is subject to 
compression, and that the tension is furnished entirely by the steel. 

Elasticity of Concrete in Compression. In computing the trans- 
verse stresses in a wooden beam or steel I-lwam, it is assumed that the 
mcxlulus of elasticity is uniform for all stresses within the elastic limit. 
Experimental tests have shown tliis to be 
so nearly true that it is accepted as a 
mechanical law. This means that if a 
foree of 1,000 pounds is required to 
stretch a bar .001 of an inch, it will re- 
quire 2,000 pounds to stretch it .002 of an 
inch. Similar tests have been made with 
concrete, to detennine the law of its elas- 
ticity. Unfortunately, concrete is not so 
uniform in its l)i»havior as ste<»l. The 

results of tests an* somewhat contradictory. Many engineers have 
argued that the elasticity is so nearly uniform that it may be con- 
sidered to be such within the limits of practical use. But all experi- 
menters who have teste<l concrete by measuring the proportional 
compression prodiuxnl by various pressures, agn^e that the additional 
shortening produccnl by an additional pressure of say 100 pounds per 
.s(|uare inch, is greater at higlu^r pressures than at low pressures. 

A test of this sort mav be made substantially as follows: A 
square or circular column of concrete at least one f(M)t long is placed 
in a testing machine. A yer^' delicate micrometer mechanism is 
fastened to the concrete by pointnl screws of lianhMUHl steel. These 
points are originally at a known distance apart — siiv S inches, ^^^len 
the concrete is compressed, the distance between these points will be 
slightly less. A ven* delicate mechanism will pennit this distance to 
be measured as closely as the ten-thousandtli part of an inch or, to 

about — of the lenirth. Suppose that the various pressure's per 
100,000 fo ii 

square inch, and the proportionate compressions, arc as given in the 

following tabular form; 
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We may plot tlirse ]>n's.-stm\s and foinjuTMsions as in Fig. 37, 
UsinR any poiivonicnt s<;ilc for oacli. l-'or cxaiuplo, for ji pressure of 
80() [Ktuiids i«T siiuare iucli, wc select tlio v<;rtital Hut; wliicli is at the 
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horizontal clistaiicc fmm flic origin nf SOD, acoorditi}; to the scale 
lulopttNl. Scaling oiT on this vertical liin- the onlliialc .(MMMo, accord- 
ing to the scale ailoplcd for eomprt'ssioiis, we have tlic iMisition of one 
point of the cun-e. The other poiiits are nhtaiiicd similarly. Al- 
though the points thus olilaine.l fnnn thi- te.Min-; uf ii single hlock of 
concrete wonid not Ik' con.siilcnfl KtiHicinit lu cstahhsh the law of the 
elasticity of concrete in cDinprcssioii, a stti.ly of the enn-es which may 
be (IrnwTi thn.iigli the snirs of ]>.)ints nhtaineii h.r each of a large 
number of Mocks, shows that thes<^ curves will average ver\' closely 
to parabolas that are tangent to the initial nioduhts of elasticitj% 
which is here represented in the diagfani I-y a .straight line running 
diagonally atrross the figure. 
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It is generally considered that the axis of the parabola will be a 
horizontal line when the curv^e is plotted acconling to this method. 
The position of the vertex of the parabola cannot be considered as 
definitely settled. Professor Talbot has computed the ciin^e as if 
the vertex were at the point of the ultimate compression of the con- 
crete, although he conceded that the vertex might be in an imaginary 
position corresponding to a compression in the concrete higher than 
that which the concrete could really endure. Mr. A. I^. Johnson, 
another noted authority, bases his computation of formula* on the 
assumption that the ultimate compressive strength of the concrete 
is two-thirds of the value which would be required to produce that 
amount of compression, in case the initial modulus of elasticity was 
the true value for all compressions. In other wonls, looking at Fig. 
37, if o c is a line representing the initial modulus of elasticity, then, 
if the elasticity were uniform throughout, it would require a force of 
about 2,340 pounds (orrf/) to produce a proportionate compression of 
.00132 of the len^'th (represented by o d). Actually that compression 
will be produced \rhen the pressure equals d e, which is 5 of d /. It 
should not be forgotten that the above numerical values are given 
merely for illustrative purposes. They would, if true, represent a 
rather weak concrete. The following theory is therefore based on the 
assumption that the stress-strain curve is represented by the parabolic 
curve oc (see Fig. 37); and that the ultimate stress per square inch in 
the concrete c' is represented by d e, which is j of the compressive 
stress that would be required to produce that proportionate com- 
pression if the modulus of elasticity of the concrete were uniformly 
maintained at the value it has for very low pressures. 

Theoretical Assumptions. The theory of reinforced concrete 
beams is based on the usual assumptions that, 

(a) The loads are applied at right angles to tlie axis of the beam. 
The usual vertical gravity loads supported by a horizontal beam, fulfil this 
condition. 

(b) There is no resistance to free horizontal motion. This condition 
is seldom if ever exactly fulfilled in practice. The more rigidly the beam 
is held at the ends, the greater will be its strength above that computed by 
the simple theory. Under ordinary conditions the added strength is (|uite 
indeterminate; and is not allowed for, except in the appreciation that it 
adds indefinitely to the safety. 

(c) The concrete and steel stretch together without breaking the 
bond between them. This is absolutely essential. 
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{(I) Any Kcctioii of the beam wliich is plane before bending is plane 
after bending. 

In Fi^. .'IS, is shown, in a very exaggerated fonn, the essential 

meaning of assiniiption d. The seetion ab cd in the unstrained con- 

iL dition, is changed to the 

plane a' b' c' d' when the 
load is applied. The com- 
pression at the top = a a' 
=- b b\ The neutral axis is 
unchanged. The concrete 
at the bottom is stretched 
an amount = cc' = dd\ 
while the stretch in the steel 
equals g g\ The compres- 
sion in the concrete between 
the neutral axis and the top 

is pn)portionaI to th(» distance from the neutral axis. 

In Fig. .'50a, is given a side view^ of the beam, with special refeiv 

enee to the deformation of the fibers. Since the fibers between the 

neutral axis and the compressive face are compressed proportionally, 

then, if a a' represents the lineal compression of the outer fiber, the 

sliaded lines represent, at the same scale, the compression of the 

intermediate fibers. 

In Fig. \\\)b,m n in<licates r-^''-*\ 

the stress there would be in 

the outer fiber if the initial 

mc^lulus of elasticity apj)lied 

to all stresses. Hut since the 

force recjuired to ])r()(lnce the 

compression a a' is proporllon- 

atcly so much less than that 

required for tlie lesser com- 
pressions, the actual pressure 

hi pounds on the outer fiber 

may be represc^nted by a line v n, and the pressure on the intelv 

mediate fibers bv the ordinates to the cuitc v N. 

In Fig. 40, a and b, are shouii a pair of figures corresponding 

with those of Fig. 39, except that the compressive deformation of the 
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Fig. 40. 



concrete in the outer fil)er a a' is only one-half of the vahje in Fig. 39. 
But it will require about three-fourths as much pressure to pnxluee 
one-half as much compression. In 
Fig. 40, v' n' is thert»fore thrt»e- 
fourths otvn in Fig. 39. The stu- 
dent should note that k' here differs 
slightly from k, which means that 
the position of the neutral axis va- 
ries with the conditions. 

Summation of the Compressive 
Forces. The summation of the 
comprt^ssive forces is evidently in- 
dicated by the area of the shaded portion in Fig. 41. The cun-e v N 
is a portion of a paral)ola. The area of the shaded portion lietween 
the cur\'e vN and the straight line vN, equals one-third of the ari\i 
of the triangle mN v. The area of the triangle vnN = \ ckd, 
Therc^fore, for the total shaded area, we have 

Aroa = i c h! + J (r^- r) \ kd, 
- i Av/ (/• -f i r,- 1 c), 

But in this case, r^=^ E^. e^.; thcrt^fore 

Area = i hi (5 r + J L\e, (1) 

In Fig. 42 has l^een redrawn the parabola of 
Fig 37, in which o is the vertex of the parabola. 
Here c" is the force which would produce a com- 
pression of ef provided the concrete* could endure 
Kd such a pressure without ruptun*. If the initial 
modulus of elasticity applied to all stresses, the 

reciuired force would be the line E^ e/'. And c" 
_ 1 p ^n 

It is one of the well-known properties of the 
parabola that abscissas are proportional to the 
squares of the oWinates, or that (in this case), 

— 3 2 

klim n :: k : o in' 

Transforming to the symbols, we have 
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.// 



— c -- r" (1- — f/V-', .-inco ''^ = q. 

c 

f-r" |l -(1 -7V'} ; 
= (^ (2./ - r') ; 

-= § A' f " ('2(j - 2(r), since r" = J /s e "; and also, pince f "= — 
-K eod -^7) (2) 

Substitiitiii<jj this value of r in iMjuntion (I), we have: 
Ami =5 A-./ (j /^,. e, (1 -J^) + i /;, ^.^ 

The summation of the horizontal forces (2 X) within the 
shaded ariea, is evidently expressed hv the above ^'area^' multiplied 
by the breadth of the beam *7;." Therefore, 

2:x - i (1 - ho l\. 'c^f^fi (3) 

In order to avoid the complication resulting from the attempt 
to develop formula* which are applicable to all kinds of assumptions, 
it will be at once assumed, as previously referred to, that the ultimate 




Fi.ir. 42. 

compressive strength of the concrete is fj of the value w^hich would be 
required to produce* that amount of compression in case the initial 
modulus of elasticity was the true value for all compressions. The 
practical result of this assumption is that we should always use 
ultimate values for the unit stresses in the steel and the concrete, and 
also that q will have the constant value of 5. 
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The proof that q will equal § under these eonditions, is perhaps deter- 
mined most easily by computing the ratio of hhiogh (see Fig. 42) when o a is 
assumed to be § of o m. In this case, from the properties of the parabola, a b 
= I mn; c' = I mn^l (f = i E^ f/- 

But when ort = J of ow.y /i = § E^-f^ = J E^e!', 



€' 



Therefore c' = "igh. But when o a = J of o w , — ^ = §. 



Therefore when c' = J (/A, 7 = j. 

It has 'already been showTi that c"=i E^ e/, and also tliat 

e/ = - '^ . Tlicn^fore ^ E^ e^ = c''q. It has also been shown that c' 

7 
- % c", or that c"= ^c'. Therefore .\ £:, €,= % c'q. 

Substituting this value in Equation 3, we have for the summation 

of the compressive forces above the neutral axis under such conditions: 

^x=ui-i9)qc'hkd (4) 

Substituting the further condition that q,= §, we have 

2X= j^c'hkd : (5) 

Center of Gravity of Compressive Forces, This is also called 
the ccntroid of compression. The theoretical determination of this 
center of gravity is virtually the same as the determination of the 
center of gravity of the shaded area shown in Figs. 40 and 41. The 
general method of determining this center of gravity requires the use 
of differential calculus, and is a very long and tedious calculation. 
But the final result may be reduced to a surprisingly simple form, as 
expressed in the following equation: 

Assuming, as explained above, the value of 7 = 5> ^^^^s reduces to 

X = ..30? kd (6) 

Wh?n q equals zero, the value of x equals .333 A*^; and, at the other ex- 
treme wh?n </ = 1, X =a .375 kd. 

There is, therefore, a very small range of inaccuracy in adopting 
the value of q = 5 for all computations. 

Position of the Neutral Axis. Acconling to one of the funda- 
mental laws of mechanics, the sum of the horizontal tensile forces 
must be equal and opposite to the sum of the compressive forces. 
Ignoring the very small amount of tension furnished by the concrete 
below the neutral axis, the tension in the steel =.1 5= pb d s =ihe 
total compression in the concrete. Therefore, 
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Hut .«? -r A',€,; therefore, 
liut ^"- = r, and by })r<>pc)rtional triangles, as shown in Fig. 40. 



fa fg A- 

- - " ; or fc -- fi - - - 

kd d -kd' 1 - A- 



Making theee subsfitutions, we have: 

?'r -Hi-5?) 1^7- (7) 

Solving this quadratic for A*, we have: 

k -^J^'i^ . r^~~l pr _ (8) ' 

Equation 8 is a perfectly general e(jiiation, which depends for its 
accuracy only on the assumption that the law of compressive stress 
to compressive strain is represented by a parabola. The equation 
shows that k, the ratio determining the position of the neutral axis, 
depends on three variables — namely, the percentage of the steel (p), 
the ratio of the moduli of elasticities (r), and the ratio of the deforma- 
tions in the concrete {(]). These must all be determined more or less 
accurately before we can know the position of the neutral axis. 

On the other hand, if it were necessary to work out equation 8, 
as well as many others, for every computation in reinforced concrete, 
the calculations would be impracticably tedious. Fortunately the 
extreme range in k for any one ratio of moduli of elasticities, is 
only a few per cent, even when q varies from b to 1. We shall there- 
fore simplify the calculations by using the constant value 9 = f , as 
explained above. 

Substituting q = 'J in Equation 8, we have 

k - y .y:! ^^'^ '^ -49 J^r^ - ypr (9) 

The various values for the ratio of the moduli of elasticity (f) are 
discussed in the succeeding section. The values of k for various 
values of r and p, and for the unifonn value of 7 = ^, have been com- 
puted in the following tabular form. Four values have been chosen 
for r, in conjunction with nine values of p, varjing by 0.2 per cent 
and covering the entire practicable range of p, on the basis of which 
values k has been worked out in the tabular form. Usually the value 
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of k can be determined directly from the table. By interpolating 
between two values in the table, any required value within the limits 
of ordinary practice can be determined with all necessary accuracy. 

TABLE VII 
Values of k for Various Values of r and 7) 









.010 


.014 


p 

.012 

.422 
.450 
.535 
.054 






.000 

.323 
.348 
.422 
.53r) 




r 


.020 

.505 
.530 
.023 
.730 


.018 

.487 
.517 
.004 
.718 


.010 

.305 
.422 
.505 
.023 


.008 


.004 


10 
12 
20 
40 


.408 
.497 
.583 
.700 


.440 
.475 
.501 

.r)78 


.301 

.388 
.405 
.584 


.274 
.205 
.302 
.407 



Ratio of Moduli. Theoretically there is an indefinite number 
of values of r, the ratio of the mcxluli of elasticity of the steel and the 
concrete. The modulus for steel is fairly constant at about 29,000,000 
or 30,000,000. The value of the initial modulus for concrete varies 
according to the quality of the concrete, from 1,500,000 to 3,000,000 
for stone concrete. Ai\ average value for cinder concrete is about 
750,000. Some experimental values for stone concrete have fallen 
somewhat lower than 1 ,500,000, while others have reached 4,000,000 
and even more. We may probably use the following values with the 
constant value of 29,000,000 for the steel. 

TABLE VIII 
Modulus of Elasticity of Some Qrades of Concrete 



Kind or Concrete 



Mixture 



E.. 



Cinder 

Broken Stone 






11 



1:2:5 
1:6:12 
1:3:6 
1:2:4 



750.000 
1,450,000 
2.400.000 
2.900.000 



40 
20 
12 
10 



The value given above for 1:6:12 concrete is mentioned only 
because the value r*= 20 is sometimes used with the weaker grades of 
concrete, and the value of approximately 1,450,000 for the elasticity 
of such concrete has been found by expt»rimenters. The use of such 
a lean concrete is hardly to be recommended, because of its unre- 
liability. Considering the variability in cinder concrete, the even value 
of r = 40 is justifiable rather than the precise value 38.67. • 
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Percentage of Steel. Tho prc^vious calculations have been made 
as if the porcentago of the steel niiglit he varied almost indefinitely. 
While there is eonsi(leral)l(* freedom of choice, there are limitations 
l)ey()nd which it is useless to pass; and tliere is always a most economi- 
cal pcrcentagCf depending on the conditions. We have already 
determined that 



e, 



c 



/: 



c. 1 - ^• 

But €c — - : and 

€„ = \- ; tlioroforo, 

fc _ c E, _ c r _ 1 

€, ~ 7Ec (I -Tv^ " *• (I - iy) ~ 1 - A;* 
Solving for k, we have: 

cr -\- .s-a -hu) 
Using as l)ef()re the value of 7 = j, the equation becomes: 

rr 

k = - ,.^.. • 

Using the same value of q in equation 7, and solving for p, we have: 
7 A-2 _ 
^"'~ 18(1 ~k)' 
Substituting the above value of k in this equation, we have, after considerable 
reduction : 

;,= '^'•'- (10) 

The above equation shows that we camiot select the percentage 
of steel at random, since it evidently depends on the selected stresses 
for the steel and concrete, and also on the ratio of their moduli. For 
example, consider a high-grade concrete (1:2:5) whose modulus of 
elasticity is consi<lered to he 2,800,000, and which has a limiting com- 
pressive stress of 2,700 pounds (c'), which we may consider in con- 
junction with the limiting stress of 5r),()00 pounds in the steel. The 
values of c, .<f,ai!'J r are therefore 27,000, 5r),()()0, and 10.37 respectively. 
Substituting these values in equation 10, we compute p=- ,012. 

Example. What percentage of steel would be required for 
ordinary stone concrete, with r=12, r-oOO, and .'?-^ 10,000? Ans. 
0.00 per cent. 

Resisting Moment. The moment wliieli resists the action of the 
external forces is cvidentlv measured bv tli(^ product of the distance 
from the center of gravity of the steel to the eentroid of compression 
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of the concrete, times the total compression of the concrete, or, other- 
wise, times the tension in the steel. The compression in the concrete 
and the tension in the steel are equal, and it is therefore only a matter 
of convenience to express this product in tenns of the tension in the 
steel. Therefore, adopting the notation already mentioned, we may 
write the formula: 

M = A8{d-.r) (H) 

But since the computations are frequently made in terms of the dimen- 
sions of the concrete and of the percentage of the reinforcmg steel, 
it may be more convenient to write the equation : 

M =^ pbdsid-x) (12) 

Example 1. What is the resisting moment of a concrete beam 
made of ordinary 1:3:6 concrete which is 7 inches wide, 10 inches 
deep to the reinforcement, and Avhich uses 1 per cent of reinforce- 
ment? 

Answer. We shall assume that the steel is to be used with a 
working stress of 16,000 pounds per square in(!h, which means that 
our resulting resisting moment may 1x5 considered as the resisting 
moment for a working load. If we w^ere to use, say, 55,000 pounds 
per square inch for the stress in the steel, which should be considered 
an ultimate value, we should obtain a proportionately larger value 
for the resisting moment, but it would in that case represent the ulti- 
mate resisting moment. The concrete is supposed to have a ratio 
for the moduli of elasticity (r) equals 12. With 1% reinforcement 
(or p= .01), the value of k is .422. According to equation 6. 

X = .3.57 kd = .357 X .422 d = .151 d. 

Therefore, 

d - X = .849 d. 

Therefore, 

^f = .01 X 7 X 10 X 16,000 X .849 X 10 = 95,088 inch-pounds. 

Example 2. ^Vhat will be the ultimate resisting moment of a 
5-inch slab made of a high quality of concrete (1 :2:4) using the most 
economical percentage of steel? 

Annoer. For this quality of concrete, r=10; the ultimate 
compressive strength of the concrete is 2,700; and the ultimate 
tension in the steel is assumed at 55,000. Substituting these values 
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in Equation 10, we find that the economical percentage of steel is 
1.21. Interpolating this value of p in Table VII, considering that 
r = 10, we have k = .424. Substituting this value of A; in Equation 
6 we find that x = .151 d. In the case of the 5-inch slab, we shall 
assume that the center of gravity of the steel is placed 1 inch from the 
bottom of the slab. Therefore d = 4 inches. For a slab of indefinite 
width, we shall assume that 6=12 inches. Therefore our computed 
value for the ultimate resisting moment, gives the moment of a strip 
of the slab one foot wide, and the computed amount of the steel is the 
amount of steel per foot of width of tlie slab. 

Substituting tliesc various values in K(|uati()n 12, we find as the 
value of tlie uUimate rrslsting moniout: 

.\fo -.0121 X.12X 1 X r>r),0()()X .SIOX J lOS.lsJ iiuh-ixainds. 

The area of steel required for each foot of width is: 

.1 = .0121 X 12 X 1 = .5808 square inch. 

This equals .0484 square inch per inch of widtli. Since a J-inch 

square bar has an area of .25 scjuare incli, we may provide the rein- 

25 
forcement by usincj i-hich square ])ars spaced -'"' • = 5.17 inches, 
' ^ * ' .0484 

or, say, 5^ inches. 

Example 3. A \ dvy instructive comparison may be made by 
considering a 5-hich slab with (/ = 4 inches, but made of 1:3:6 con- 
crete. In this case we call r = 12; c = 2,000; and s (as before) = 
55,000. By the same metho<^l as before, we obtain p = .0084; k = 
.395; and tlierefore x = .141 d. Snl)stituting these values in Equa- 
tion 12, we have: 

Mo ■-■ .<H)S4 X 12 X 4 X 55,000 X .850 X I - 7(),107 inch-pounds. 

The area of steel per foot of width is: 
.1 = .0084 X 12 X 4 - .4032 square inch. 

This would require J-inch square bars spaced 7.33 inches. Although 
the amount of steel required in this slab is considerably less than 
was required in the previous ease, tlie ultimate moment of the slab 
is also very mueli less. In fact the reduction of strength is very 
nearly in proportion to the reduction in the amount of steel. There- 
fore, it must be observed that, although tlu* percentage of steel used 
with high-grade concrete is considerably higher, tlu* thickness of the 
concrete will be considerably less; and in spite of the fact that the 
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percentage of steel may he higher, its absolute amount for a slab of 
equal strength may be approximately the same. 

Example 4. Another instructive principle may be learned by 
determining the required thickness of a slab made of 1:3:6 concrete, 
which shall have the same ultimate strength as the high-grade con- 
crete mentioned in example 2. In other words, its ultimate moment 
per foot of width must equal 108,482 inch-pounds. The values of 
r, c, and s are the same as in example 3, and therefore the value of 
p must be the same as in example 3; tlierefore p = .0084. Since 
r and p are the same as in example 3, k again equals .395, and there- 
fore X = .141 d. We therefore have from Equation 12: 

M. = 10S.4S2 - .()0S4 Xl2XdX 55,000 X .859 X (L 

Solving this equation for d, we find d' = 22.7S; and d = 4.77. The 
area of the steel A==^ phd = .0084 X 12 X 4.77 = .481. This is 
considerably less than the area of steel per foot of width as computed 
in example 2, tor a slab of equal strength. On the other hand, the 
slab of 1:3:6 concrete will require about 15 per cent more concrete. 
It will also weigh about 10 pounds per square foot more than the 
thinner slab, which will reduce by that amount the permissible live 
load. The determination of the relative economy of the two kinds 
of concrete will therefore depend somewhat on the relative price 
of the concrete and the steel. The ditference in the total cost of the 
two methods is usually not large; and abnormal variation in the 
price of cement or steel may be sufficient to turn the scale one way or 
the other. 

Determination of Values for Frequent Use. The above methods 
of calculation may be somewhat simplified by the detenni- 
nation, once for all, of constants which are in frequent use. 
For example, a very large amount of work is Ix^ingdone ushig 1:3:6 
concrete. Sometimes Engineers will use the foriuuhv developed on 
the basis of 1:3:6 concrete, even wlien it is known that a richer 
mixture will be used. Although such a practice is not economical, 
the error is on the side of safety: and it makes some allowance for the 
fact that a mixture which is nominally richer ma// not have any greater 
strength than the values used for the 1:3:0 mixture, on account of 
defective workmanship or inferior cement or sand. Some of the 
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constants for use with 1 :3:0 mixture and 1:2:4 mixture will now be 
worked out. 

For the 1:3:G mixture, r = 12; c = 2,000; and we shall assume 
8 = 55,000. On the basis of such values, the economical p^- 
centage of steel is .84 per cent. Under these conditions, k will always 
be .395; and x will equal .141 d. Therefore the tenn (d— x) will 
always equal .859 d, or say, .86 d, which is close enough for a working 
value. Since the above values for c and s represent the ultimate 
values, the resulting moment is the ultimate moment, w^hich we will 
call M . Therefore, for 1:3:6 concrete, we have the constant values: 

A/o = .008 1 XhdX 55,000 X .8Gc? 

= 397 hcP I /| -^x 

A = .0084 6d ( ^*^>' 

(d-x) = .86(7 

Similarly we can compute a corresponding value for 1:2:4 con- 
crete, using the values previously allowed for this grade: 

Mo -.565 6 rf- } /tA\ 

A =.0121 6 d) ^ ^ 

(d'X) =Md 

Numerical Examples, 1. A flooring with a live load capacity 
of 150 pounds per square foot, is to be constructed on I-beams 
spaced 6 feet from center to center, using 1:3:6 concrete. What 
thickness of slab will be required, and how much steel must be used? 

Answer, Using the approximate estimate, based on experience, 
that such a slab will weigh about 50 pounds per square foot, we can 
compute the ultimate load by multiplying the live load, 150, by four, 
and the dead load, 50, by two, and obtain a total ultimate load of 
700 pounds per square foot. A strip 1 foot wide and 6 feet long 
(between the beams) will therefore carry a total load of 700 X 6 = 
4,200 pounds. Considering this as a simple beam, we have: 

Wo I 4.200 X 6 X 12 
Mo = ~"o — = « = 37,800 inch-pounds. 

Placing this numerical value of M^ = 397 hdr, as in Equation 13» we 
have 37,800 = 397 bd\ In this case, /> = 12 inches. Substituting 
this value of 6, w^e solve for (Py and obtain cP = 7.93, and d = 2.82 
inches. Allowing an extra inch below the steel, this will allow us to 
use a 4-inch slab. Theoretically wc could make it a little less. 
Practically this figure should be chosen. The required steel, from 
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Equation 13, equals .0084 bd. Taking b = l,we hijvo the ri^juired 

steel per inch of width of the slab = .0()S4 X 2.S2 = .0237 square 

inch. K we use i-inch square bars wliich have a cross-sectional area 

25 
of .25 square inch, we. may space the bars -— ^^^ = 10 inches. This 

reinforcement could also be accomplished by using i-inch square 
bars, which have an area of .1400. The spacing may therefore be 

(vrvj ^ ^*^ inches. As referred to later, then* should also be a few 

bars laid perpendicular to the main reinforcing bars, or parallel with 
the I-beams, so as to prevent shrinkage. The retjuired amount of 
this steel is not readily calculable. Since the. I-beams are 6 feet 
apart, if we place two lines of ^-inch scjuare bars spaced 2 feet apart, 
parallel with the I-beams, there will then be reinforcing steel in a 
direction parallel with the I-beams at distances apart not greater 
than 2 feet, since the I-beams themselves will prevent shrinkage 
immediately around them. 

Table for Slab Computation. The necessity of verj- frecjuently 
computing the requinnl thicknesses of slabs, renders very useful a 
table such as is shown in Table IX, which has been worked out on 
the basis of 1:3:0 concrete, and computed by solving Equation 13 for 
various tliicknesses rf, an<l for various spans L varj-ing by single feet. 
It should be noted that the loads as given are iilfimate loads per square 
footfSLud that they therefore include the weight of the slab itself, which 
must be multiplied by its factor of safety, which is usually considered 
as 2. 

For example, in the above numerical case, we computed that 
there would be a total load of 700 pounds on a span of (i feet. In the 
column headed 6, we find 794 on the same line as the value of 3.0 in 
the column d. This shows that 3.0 is some\yhat excessive for the 
value of d. We computed its precise value to be 2.S2. On the same 
line, we find under "Spacing of Bars," that J-iiich s(juare bars spaced 
5 J inches will be sufficient. In the above more precise calculation, 
we found that the bars could be s})aced (> inches apart, as was to be 
expected, since the computed ultimate load is considerably less than 
the nearest value found in the table. 

Example 1. What is the ultimate load that will be carried by a 
5-inch slab on a span of 10 feet using 1 :3:() concrete? 
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AriJtivcr. The 5 inches here represent the total thickness, and 
we shall assume that the effective thickness (rf) is 1-inch less. There- 
fore d = 4 inches. On the line opposite d = 4 in Table IX, and 
under the column I^ = 10, we have 508, which gives the ultimate 
load per square foot. A 5-inch slab w^ill weigh appmximately 60 
pounds per square foot, allowing 12 pounds per square foot per inch 
of thickness. Using a factor of 2, we have 120 pounds, which, sub- 
tracting fnmi 5()S, leaves 88(S pounds; dividing this by 4, we have 97 
pounds per square foot as the allowable working load. Such a load 
is heavier than that recjuired for residences or apartment houses. It 
would do for an office building. 

Example 2. The floor of a factorj' is to l)e loaded with a live 
load of 300 pounds per square foot, the slab to be supporteil on l)eams 
spaced 8 feet apart. What nuist be the thickness of the floor slab? 

Ansivcr. With 1,200 pounds per square foot ultimate load for 
the live load alone, we notice in Table IX, under L = S, that 1,241 is 
opposite to d = 5. This shows that it would recjuire a slab nearly 
() inches thick to support the live load alone. We shall therefore add 
another half-inch as an estimated allowance for the weight of the 
slab and, assuming that a 6i-inch slab having a weight of 78 pounds 
per square foot will do the work, we multiply 300 by 4, and 78 by 2, 
and have 1,350 pounds per square foot as the ultimate load to be 
carried. Under L = 8, in Table IX, we find that 1,350 comes be- 
tween 1,241 and 1,501, showing that a slab with an effective thickness 
d of al)out 5\ inches will have this ultimate carrying capacity. The 
total thickness of the slab should therefore be about j inches. The 
table also shows that J-inch bars spaced about 5] inches apart will 
ser\'e for the reinforcement. We might also provide the reinforce- 
ment by J-iiich square bars spaced a little over 3 inches aj)art; but 
it would probably be better policy to use the half-inch bars, especially 
since the jj-inch bars will cost somewhat more per pound. 

Practical Methods of Spacing Slab Bars. It is too much to expect 
of workmen that bars will be accurately spaced when tlu^ir distance 
apart is expresswl in fractions of an inch. But it is a compjiratively 
simple matter to recjuire tlje workmen to space tin* bars evenly, pro- 
vided it is accurately computed how many bars should be laid in a 
given width of slab. For cxa^nple, in the above case, a panel of the 
flooring which is, say, 20 feet wide, should have a definite number of 
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bars, 20 feet = 240 inches, and 240 -^ 5.75 = 41 .7. We will call this 
42, and instruct the workmen to distribute 42 bars equally in the panel 
20 feet wide. The workmen can do this w ithout even using a foot- 
rule, and can adjust them to an even spacing with sufficient accuracy 
for the puq)ose. 

Tabic for Computation of Simple Beams. In Table X has been 
computed for convenience, the ultimate total load on rectangular 
beams made of average concrete (1 rSiO) and witli a width of 1 inch. 
For other widths, multiply by the width of the beam. Since M^ = 
^W^l; and since by Equation 13, for this grade of concrete, Mf^= 
397 b(P; and since for a computation of beams 1 inch wide, 6 = 1, we 
may write J W^ / = 397 cP. For / w^e shall substitute 12 L, Making 
this substitution and solving for JF^, we have W^ = 265 cP -r- L, 
Since /> = 1, A, the area of steel per inch of width of the beam 
= .0084 d. 

Example, What is the ultimate total load on a simple beam 
having a depth of IG inches to the reinforcement, 12 inches wide and 
having a span of 20 feet? 

Aiisivcr, Looking in Table X, under L = 20, and opposite 
d = 16, we find that a beam 1 inch wide will sustain a total load of 
3,392 pounds. For a width of 12 inches, the total ultimate load will 
be 12 X 3,392 = 40,704 pounds. At 144 pounds per cubic foot, the 
beam v/ill weigh 3,840 pounds. Using a factor of 2 on this, we shall 
have 7,080 pounds, which, sul)tracted from 40,704, gives 33,024. 
Dividing this by 4, we have 8,250 lbs. as the allowable live load on 
such a beam. 

Resistance to the Slipping of the Steel in the Concrete. The 
previous discussion has considered merely the tension and compres- 
sion in the upjXT and lower sides of the beam. A plain, simple beam 
resting freely on two end supports, has neither tension nor compres-' 
sion in the fibers at the ends of the beam. The horizontal tension 
and compression, found at or near the center of the beam, entirely 
disappear by the time the ei.d of the beam is reached. This is done 
by transferring the tensile stress in the steel at the bottom of the beam, 
to the compression, fillers in the top of the beam, by means of the 
hitermediate eonercti*. This is, in fact, the main use of the concrete 
in the lower part of the beam.- 
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It is therefore iieeessarv that tlie lx)iul l)etweeii tlie c(;ncrete and 
the steel shall he suffieiently great to witlistand the tendency to slip. 
The required strength of this bond is evidently equal to the diflFerence 
in the tension in the steel per unit of length. For example, suppose 
that we are considering a bar 1-inch scjuart^ in the middle of the length 
of a beam. Suppose that the bar is under an actual tension of 
15,000 pounds p(^r square inch. Since the bar is 1-inch square, the 
actual total tension is IT) ,001) )K)unds. Suppose that, at a point 1 inch 
beyond, the monient in tlic beam is so reduced that the tension in the 
bar is 14,900 pounds instead of IT) ,000 pounds. This means that the 
differenceof pull (lOOpounds) has been taken ui)by dieconcrete. The 
surface of the bar for that Icntrth of one inch, is four square inches. 
This will require an adhesion of 25 pounds per s(|uai"e inch lx»tween 
the steel and the concrete, in order to take up this difference of tension 
The adhesion Ix^tween concrete and plain bars is usually considerably 
greater than this and there is therefore but little question about the 
bond in the center of the beam. But near the ends of the beam, the 
change in tension in the bir is far more rapid, and it then becomes 
questionable whether the bond is sufficient. 

Although there is :io intention to art^ue the merits of any form 
of patented bar, this discussion would not be complete without a 
statement of the arguments in favor of dcjonncd bars, or bars with 
a mechanical bond, instead of plain bars. I'he deformed bars have 
a variety of shapes; and since they are not prismatic, it is evident that, 
apart from adhesion, they cannot be drawn through the concrete 
without splitting or crushing the concrete innncdiately around the 
bars. The choice of form is chiefly a matter of designing a form which 
will furnish tlie gn^itest resistance, and which at the same time is not 
unduly exj)ensive to manufactuiw Of course, the deformed bars are 
necessarily somcwliat more expensive than the plain bars. The 
main Hue of argument of those engineers who defend the use of plain 
hr.r.s, may l>e summed up in the assertion that the plain bars are 
*'g()0(l (Miough," iind tli.'it, sincc^ \\\vy are l(\ss t^xpensive than deformed 
bars, the added expense is useless. 'Y\w argnnuMits in favor of a 
meeiianicall)()nd,;ind against the use of plain bjirs, are based on three 
assertions: 

Fhfii: It is eljiinied tliat te>ts linve apparenth verified the 
ass(Ttion that the mere soaking of the concrete in water for several 
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months is sufficient to reduce the adhesion from J to ^. If this con- 
tention is true, the adhesion of bars in concrete which is likely to be 
perpetually soakeil in water, is unreliable. 

Second: ^Microscopical examination of the surface of steel, and 
of concrete which has been moulded around the steel, shows that the 
adhesion depends chiefly on the roughness of the steel, and that the 
cement actually enters into the microscopical indentations in the 
surface of the metal. Since a stress in the metal even within the elastic 
limit necessarily reduces its cross-section somewhat, the so-called 
adhesion will be more and more reduced as the stress in the metal 
becomes greater. This view of the case has lx*en verified by recent 
experiments by Professor Talbot, who used bars made of tool steel 
in many of his tests. These bars were exceptionally smooth; and 
concrete beams reinforced with these bars failed generally on account 
of the slipping of the bars. Special tests to determine the bond 
resistance, showed that it was far lower than tlie bond resistance of 
ordinary plain bars. 

Third: There is e\'idence to show that long-continued vibration, 
such as is experienced in many kinds of factory buildings, etc., will 
destroy the adhesion during a period of years. Some failures of 
buildings and structures which wea* erected several years ago, and 
which were long considered perfectly satisfactorj', can hanlly Ik^ 
explained on any other hj-pothesis. Owing to the fact that there are 
comparatively few reinforced concrete structures which have l^en 
built for a very long period of years, positive information as to the 
durability and permanency of <adhesion is lacking. It must be con- 
ceded, however, that comj)arative tests of the bond between concrete 
and steel when the bars are plain and when they are deformed (the 
tests being made within a few weeks or months aft(T the concrete is 
made), have comparatively little value as an indication of what that 
bond will l)e under some of tlie adverse circumstances mentioned 
above, which are perpetually occurring in practice. Non-partisan 
tests have shown that, even under conditions which are most favorable 
to Hie plain bars, the deformed bars have an actual hold in the con- 
crete which is from 50 to 100 per cent greater than that of plain bars. 
It IS unquestionable that age will increase rather than diminish the 
relative inferiority of plain bars. 
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Computation of the Bond Required in Bars. From Equation 1 1 
we have the formula that the resisting moment at any point in the 
beam equals the area of the steel, times the unit tensile stress in the 
steel, times the distance from the steel to the eentroid of compression 
of the steel, which is the distance d — x. We may compute the 
moment in the beam at two points at a unit distance apart. The 
area of the steel is the same in each equation, and d — x\s sub- 
stantially the same in each case ; and therefore the difference of moment, 
divided by (d — .r) , will evidently ecjual the difference in the unit 
stress in the steel, times the area of the steel. To express this in an 
equation, we may say, denoting the difference in the moment by 
dMy and the did'erence in the unit stress in the steel by ds: 

- . -^ A X d s. 

^d - jr) 

But A X ds is evidently ecjual to tlie actual difference in tension in the 
steel, measurcxl in pounds. It is the amount of tension which must be 
transferred to the concrete in that unit length of the beam. But the 
computations of the difference of moments at two sections that are only 
a unit distance apart, is a comparatively tedious operation, which, 
fortunately, is unnecessary. Tlieoretical mechanics teaches us that 
the difference in the moment at two consecutive sections of the beam 
is measured by the fofal vertical shear in tlie iK'am at that point. The 
shear is very (»asily avA readily computable; and therefore the required 
amount of tension to Ik? transferred from the steel to the concrete can 
readily be computed. A numerical illustration may be given as 
fc/llows: Suppose that we have a Ijeam which, with its load, weighs 
20,000 pounds, on a span of 20 feet. Using ultimate values, for which 
we multiply the loarling by 4, we have an ultimate loading of 80,000 
pounds. Tlierefore, 

Using the constants previously chosen for 1:3:0 concrete, and there- 
fore utilizing Equation 13, we iiave this moment equal to 397 bdr, 
TiuTcfore IxP -^ i\,{)\'). 

If we assume h -^ 1.") inches; d -^ 20.1 inches; then d — x = .8Gd = 
17.3 inches. The area of sWv\ ecjuals 

A = .00S4 h d = 2.53 square inches. 
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We know from the laws of mechanics, that the moment diagram for 
a beam which is urnformly loaded is a parabola, and that the ordinate 
to this curve at a point one inch from the abutment will, in the above 
case, equal (}- i|)^ of the ordinate at the abutment. This ordinate is 
measured by the maximum moment at the center, multiplied by the 

factor (+44)^= vir~4^^ir = .9834: tliercfore the actual moment at a 
\ij»o/ 14,400 

point one inch from the abutment = (1.00 — .9834) = .0160 of the 
moment at the center. But .0160 X 2,400,000 = 39,840. 

But our ultimate loading being 80,000 pounds, w^e know that the 
shear at a point in the middle of this one-inch length equals the 
shear at the abutment, minus tlie load on this first h inch, which is 
^^ of 40,000 (or 107) pounds. The shear at this point is there- 
fore 40,000 — 107 (or 39,833) pounds. This agrees with the above 
value 39,840 as closely as the decimals used in our calculations will 
permit. 

The value oi d — x is somewhat larger when the moment is very 
small than when it is at its ultimate value. But the difference is 
comparatively small, is on the safe side, and it need not make any 
material difference in our calculations. Therefore, dividing 39,840 
by 17.3, we have 2,303 pounds as the difference in tension in the steel 
in the last inch at the abutment. Of course this does not literally 
mean the last inch in the length of the beam, since, if the net span were 
20 feet, the actual length of the beam would be considerably greater. 
The area of the steel as computed above is 2.53 square inches. 
Assuming that this is funiished by five J-inch square bars, the surfaces 
of these five bars per inch of length equals 15 square inches. Dividing 
2,303 by 15, we have 153 pounds per square inch as the required 
adhesion between the steel and the concrete. \^liile this is not greater 
than the adhesion usually found between concrete and steel, it is 
somew^hat risky to depend on this; and therefore the bars are usually 
bent so that they run diagonally upward, and thus furnish a very 
great increase in the strength of the beam, which prevents the beam 
from failing at the ends. Tests have shown that beams which are 
reinforced by bars only running through the lower part of the beam 
without being turned up, or without using any stirrups, will usually 
fail at the ends, long before the transverse moment, which they 
possess at their center, has been fully developed. 
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Distribution of Vertical Shears. Beams which are tested to 
destruction frequently fail at the ends of the beams, long before the 
transverse strength at the center has been fully developed. Even if 
the bond between the steel and the concrete is amply strong for the 
requirements, the beam may fail on account of the shearing or 

diagonal stresses in the concrete between 
the steel and the neutral axis. The stu- 
dent must accept without proof some of 
the following statements regarding the 
distribution of the shear. 

The intensity of the shear at various 
points in the height of the beam, may be 
represented by the diagram in Fig. 43. 
If we ignore the tension in the concrete 
due to transverse bending, the shear will 
be uniform between the steel and the neu- 
tral axis. Above the neutral axis, the 
shear will diminish towanl the top of 
the beam, the curve being parabolic. 

If the distribution of the shear were uniform throughout the 
section, we might say that the shear per square inch would equal 
V -rr hd. It may be proved that v, the intensity of the vertical shear 
per square inch, is 




Fig. 43. 



\ 



V ^- 



h {(i - I) 



(15) 



In the above case, the ultimate total shear V in the last inch at 
the end of the beam, is 39,840 pounds. Then, 

3f).S40 



?' — 17 Q "^ lo3.5 pounds per square inch. 



The agreement of this numerical value of the unit intensity of the 
vertical shear with the required bond between the concrete and the 
steel, is due to the accidental agreement of the width of the beam 
(15 inches) with the superficial area of the bars per inch of length of 
the beam (1.*) scjuare inches). If oilier bars of the same cross-sec- 
tional area, hut with greater or less superficial surface, had been 
selected for the reinforcement, even this accidental aj^reenient would 
.lot have been foun.d. 



86 



REINFOUCED CONCRETE 77 



The actual strength of concrete in shear is usually far greater 

than this. The failure of beams, which fail at the ends when loaded 

with loads far within their capacity for transverse strength, is generally 

due to the secondary stresses. The computation of these stresses is a 

complicated problem in Mechanics; but it may be proved that if we 

ignore the tension in the concrete due to bending stresses, the diagonal 

tension per unit of area equals the vertical shear per unit of area (v). 

But concrete which may stand a shearing stress of 1,000 pounds per 

."^(juare inch will probably fail under a direct tension of 200 pounds per 

square inch. The diagonal stress has the nature of a direct tension. 

In the above case the beam probably would not fail by this method of 

failure, since concrete can usually stand a tension up to 200 pounds. 

per square inch; but such beams, when they are not diagonally 

reinforced, frequently fail in that way before their ultimate loads are 
reached. 

Methods of Guarding against Failure by Shear or Diagonal 
Tension. The failure of a beam by actual shear is almost unknown. 
The failures usually ascribed to shear are generally caused by diagonal 
tension. A solution of the very simple equation (15) will indicate 
tlie uitensitv of the vertical shear. 

The relation of cmshing strength to shearing strength is expressed 
by the equation : 

Unit shearing strength z 



2 tan 0' 



in which z is the unit shearing strength, and 6 is the angle of rupture 
under direct compression. This angle is usually considered to be 
60^; for such a value the shearing strength would equal c' -r- 3.464. 
When = 43°, the shearing strength would equal one-half of the 
crushing strength, and this agrees very closely with the results of 
tests made by Professor Spofford. But the shearing strength is con- 
sidered to be a far less reliable quantity than the crushing strength; 
and therefore dependence is not placed on shear, even for ultimate 
loading, to a greater value than about one-half of the above value; or, 

Unit shearing strength z = c' ^ 6.92S. 

Usually the unit intensity of the vertical shear (even for ultimate 
loads) is less than this. But this ignores the assistance furnished by 
the bars. Actual failure would require that the bars must crush the 
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concrete under them. When, as is usual, there are bars passing 
obH(|uely through the section, a considerable portion of the shear is 
carried by direct tension in the bars. 

It seems impracticable to develop a rational formula for the 
amount of assistance furnished by these diagonal bars, unless we 
make assumptions which are doubtful and which therefore vitiate 
the reliability of the whole calculation. Therefore the "rules" 
which have been suggested for a prevention of this form of failure 
are wholly empirical. Mr. E. L. Ransome uses a rule for spacing 
vertical "stirrups," made of wires or |-inch rods, as follows: 

The first stirrup is placed at a distance from the end of the beam 
equal to one-fourth the depth of the beam ; the second is at a distance 
of one-half the depth beyond the first stirrup; the third, three-fourths 
of tlie depth beyond the second; and the fourth, a distance equal to 
tlie depth of the beam Ix^ond the third. This empirical rule agrees 
with the theor}% in the respect that the stirrups are closer at the ends 
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of the beam, where the shear is <jjreatest. The four stirrups extend 
for a distance from the end ecjual to 2\ times the depth of the beam. 
Usually this is a sufficient distance; but some "systems'* use stirrups 
throughout the len^jth of the beam. On veiT short lx\ams, the shear 
changes so rapidly that at 2\ times the depth from the end of the 
beam the shear is not generally so great as to produce dangerous 
stresses. With a very long beam, the change in the shear is corre- 
spondingly more gradual; and it is p()ssii)le that stirrups or some 
other device must he used for a greater actual distance from the end, 
although for a less proportional distance. 

When the diagonal reinforcement is accomplished by bending 
up the bars at an angle of about 45^, the bending should be done so 
that there is at all sections a sufficient area of steel in the lower part 
of the bar to withstand the transverse moment at that section. As 
fast as tln^ biirs can be spared from the bottom of the Ix^am, they 
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may be turned up diagonally so that there are at every section of the 
beam one or more bars which would be cut diagonally by such a 
section. On this account it is far better to use a larger number of 
bars, than a smaller number of the same area. For example, if it 
were required that there shall be 2.25 square inches of steel for the 
section at the middle of the beam, it would be far better to usq nine 
i-inch bars than four J -inch bars. In either case, the steel has the 
same area and the same weight. The nine i-incli bars give a much 
better distribution of the metal. The superficial area of the nine 
i-inch bars is 18 square inches per linear inch of the beam, while the 
area of the four J-inch bars is only 12 square inches per inch of length. 
But an even greater advantage is furnished by tlie fact that we have 
nine bars instead of four, which may be bent upward (and bent more 
easily than the J-incli bars) as fast as they can be spared from the 
bottom of the beam. In this way the shear near the end of the beam 
may be much more effectually and easily provided for. 

Since the shear is greatest at the ends of the beam, more bars 
should be reser\^ed for turning up near the ends. For example, in the 




'm 



Y'vx -15. 



above case of the nine bars, one or two bars might be turned up at 
about the quarter-points of the beam. One or two more might be 
turned up at a distance equal to, or a little less than, the depth of the 
beam from the quarter-points towanl the abutments. Others Would 
be turned up at intermediate points; at the abutments there should 
be at least two, or perhaps three, diagonal bars, to take up the maxi- 
mum shear near the abutments. This is illustrateil, although without 
definite calculations, in Fig. 45. 

Detailed Design of a Plain Beam. This will be illustrated by a 
numerical example. A beam having a span of IS feet supports one 
side of a 6-inch slab 8 feet wide which carries a live loa<l of 200 
pounds per square foot. In addition, a special piece of machinery, 
weighing 2,400 pounds, is located on the slab so near the middle of 
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the beam that we shall consider it to be a concentrateil load at the 
center of the beam. The floor area carried bv the beam is 18 feet by 
4 feet = 72 square* feet. Adding 3 inches to the 6 inches thickness 
of the slab as an allowance for the weight of the lx»am, we have 
9X12= lOS pounds per s(|uare foot for the dead welglit of the floor. 
With a factor of 2 for dead load, this equals 210. Using a factor of 
4 on the live load (200), we have 800 pounds per square foot. Then 
the ultimate load on the beam, due to these sources, is (210 + 800) 
72 = 73,152 pounds. So far as its effect on moment is concerned, 
the concentrated hrdd of 2,400 pounds at the center would have the 
same effect as 4,800 pounds uniformly distributed. As it is a piece of 
vibrating machinery, we shall use a factor of six (0), and thus have 
an ultimate effect of X 4,800 = 28,800 {X)unds. Adding this to 
73,152, we have 101,952 pounds as the equivalent, ultimate, unifonnly 
distributee' load. Then 

Mo = i n'„ Z = i X 101,952 X 216 = 2,752.701. 

In order to reduce as much as possible the size and weight of this beam, 
we shall use 1:2:4 concrete, and therefore apply E(juation 14: 

2.752.704 = 5()5/;(/2. 
hcP = 4,S72. 

If 6 = 10 inches; dr = 304.5, and d = 17.5 inches. 

A still better combination would be a deeper and narrower beam 
with fc = 12 inches, and d = 20.15 inches. With this combination, 
the reijuired area of the steel will equal ^ 

A =- .0121>/ = .0121 X 12 X 20.15 - 2.9:^ square inches. 

This can be supplied by eight bars I inch s([uare. 

The total ultimate load as determined above, is 101,052 pounds. 
One-half of this gives the maximum shear at the ends, or 50,976 
pounds. Applying Equation 15, we have, since d — x = .85 d = 17 
inches 

V 50.790 

V = j~r;~~\= 1-^ y 1" "" '^'^^^ pounds per scjuare uich. 

As already discussed in previous cases, the ends of the beam must 
be reinforced against diagonal tension, since the above value of v is 
too great, even as an ultimate value, for such stress. Therefore the 
ends of th(^ beam must be reinforced by turning the bars up, or by the 
use of stirrups. The beam nuist therefore be reinforced about as 
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shown in Fig. 40. Although the concentrattnl center load in this case 
is compaRitively too small to require any change in the design, it 
should not be forgotten that a concentrated load may cause the shear 
to change so rapidly that it might reiiuire special provision for it in 
the center of the beam, where there is ordinarily no reinforcement 
which will assist shearing stresses. 

Effect of Quality of Steel. There is one very radical difference 
between the behavior of a concrete-stt^el structure and that of a 
stnicture composed entirely of steel, such as a truss bridge. A truss 
bridge may be overloaded with a load which momentarily passes the 
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Fig. 46. Reinf<)rced Beam. 

elastic limit, and yet the bridge will not necessarily fail nor cause the 
tniss to be so injured that it is useless and must be immediati^y 
replaced. The truss might sag a little, but no immediate failure is 
imminent. On this account, the factor of safety on truss bridges is 
usually computed on the basis of the ultimate strength. 

A concrete-steel structure acts very dilferentlv. As has already- 
been explained, the intimate union of the concrete and the steel at 
all points along the length of the bar (and not merely at the ends), 
IS an absolute essential for stabilitv. If the elastic limit of the steel 
has been exceeded owing to an overload, then tlie union In^twcen the 
concrete and the steel has unquestionably been destroyed, provided 
that union depends on mere adhesion. Even if that union is assisted 
by a mechanical bond, the distortion of the steel has broken that bond 
to some extent, although it will still re(iuire a very considc^rable force 
to pull the bar through the concrete. It is thcTefon* necessan' that 
the elastic limit of the steel should be considered the virtual ultimate 
so far as the strength of the steel is concerned. It is accordingly con- 
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sidrred ailvisahir, aj> ulrcadt cxplaincHl, to multiply all working 
loads bv the desired factor of siifetv (usuallv taken as 4), and then to 
proportion th<' steel and concrete; so that such an ultimate load will 
produce crushing in the upper filxT of the concrete, ami at the same 
time will stress th(» steel to its elastic; limit. On this basis, economy 
in the; use of steel requires that the elastic limit should Ix* made as high 
as poss!bl(\ 

The manufacture of steel of very hi<];h elastic limit recjuires the 
use; of a com{)!iratively larjj^e proportion of carbon, which may make 
the steel objectionably brittle. The; steel for this purpose must 
therefc^n; avoid tl»e two extremes — on tlu* one hand, of being brittle; 
and on the other, of ix'in^ so soft that its elastic limit is verj' low. 

Several y<'jirs a^^o, brid^^c en<(in(MTs thou<;ht tliat a great economy 
in bridge construction was possible by using ?vn/ high carlwn steel, 
which has not only a high elastic limit but also a correspondingly high 
ultimate tensile strength. Hut the construction of such bridges re- 
(juires that the nriterial shall be punclu'd, forg(\l, and otherwise 
handled in a way that will very severely test its strength and perhaps 
cause failure on account of its brittleness. The stresses in a concrete- 
st(;el structure arc very dillVrcnt. Tlic steel is never punched; the 
individual bars arc never subjected to transverse bending after being 
placed in the concrete. The <lircct shearing stresses are insignificant. 
The main use, and almost the only use, of the steel, is to withstand a 
direct tension; and on this account a considerably harder steel may 
be usc(l than is usuallv considered advisable for steel trusses. 

If the structure is to be subject to excessive impact, a somewhat 
softer steel will be advisable; but even in such a case, it should be 
re!ne:nbere(l that the mere weight of the structure will make the effect 
of the sliock far less than it wouM be on a skeleton structure of plain 
steel. Tiie steel ordinarily used in bri<lge work, generally has an 
elastic limit of from '}(),()()() to .").■),()()(). If we use even 33,000 pounds 
as tlie value for .v on the basis of ultimate* loading, we shall find that 
the recpiired ])ere<*nta;:;e of steel is very high. On the other hand, 
if we use a gnide of steel in which tlie cnrbon is somewhat higher, 
having aii ultimate strength of abiut 0(),()l)() to 1()(),()00 pounds \yeT 
stjuan; inch, and an elastic limit of .').'>,()()() pounds [)cr square inch, 
the recjuired percentage; of steel is much l(;wer. 
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A study of Equation 10 will sliow that for any one kind of con- 
crete the percentage of steel increases even faMer than the value of s 
diminishes — which meaiis, for example, that if s is diminished 50 per 
cent, p is inorc than doubled. NotwitIistandin<^ tliis incoi.trovertihle 
fact, some engineers insist on using a low percentiige of soft steel, 
apparently ignoring the fact that tlie elastic limit of the steel will be 
reached, and the structure will fail, long before tlie full strength of 
the concrete has been devel()p(Hl. There is, of course, r.o harm in 
using soft steel, provided a sufficient percentage of steel is used; but 
it should be remembered tliat formuhe (leveloped on thp basis of high 
elastic limit (or a high vahie of 6) muni noi be used for soft steel. It 
will not even l)e correct to say that, because the ultimate breaking 
strength of soft steel is 60,000 pounds, we may employ formulae with 
s = 55,000. Such formula* are derived on the basis that the concrete 
reaches its ultimate compression (say 2,000 pounds) when the stress 
in the steel is 55,000. But since the soft steel ciuniot exceed 30,000 
pounds without virtual failure, on account of tlie rupture of the bond . 
between the steel and the co!icrete, the stress in the concrete will never 
reach 2,000 pounds, nor can it approach relatively as r.ear 2,0(X) pounds 
as the steel approaches to 30,000 pom ids. 

All general ecpiations previous to Equation 13 are j)erfectly 
general, except that in some cases 7 is limited to the value 3. The 
later equations have, for simplicity, been worked on the uniform basis 
of steel having an elastic limit, which is its virtual ultimate, of 55,000 
pounds, and a mndulus of elasticity of 20,000,000. The subsequent 
tables have also further limite 1 the concrete tn that with an ultimate 
compression {c') of 2,000 pounds, and an initial modulus of elasticity 
(£J of 2,400,000. Other ecjuations, similar to 13 and 14 — and other 
tables, similar to IX to XIV — may be similarly computed for other 
ultimate tensions in steel and other grades of concrete; but the 
engineer should be scrupulously careful about using any equations 
or tables except for the gralrs' of .^tccl and concrde for which they have 
been computed. When otlun* grades of stevl and concrete are to be 
useil, the equations must be suitably modified. This can readily be 
done by deriving equations, similar to E(|uations 13, 14, antl the later 
equations, from the general etjuations 1 to 12. 

Slabi on I-Beams. There are still manv engineers who will not 
adopt reinforced concrete for the skeleton structure of buildings, but 



93 



84 



REINFORCED CONCRETE 



who construct the frames of their buildings of steel, using steel I-l)eams 
for floor ginlers and beams, and then connect the beams with concrete 
floor slabs. These are usually computed on the basis of transverse 
i)eams which are free at the ends, instead of considering them as 
'^continuous beams," which will add about 50 per cent to their strength. 
Since it would be necessarj' to move the reinforcing steel from the 
lower part to the upper part of the slab when passing over the floor 
Ix^ams, in order to develop the additional strength which is theoreti- 
cally possible with continuous beams, and since this is not usually 
done, it is by far the safest practice to consider all floor slabs as being 
*'free-ended." The additional strength which they undoubtedly have 
to some extent because they are continuous over the beams, merely 
adds indefinitely to the factor of safety. Usually the requirement 
that the I-beams sliall be **fireproofed,'' by surrounding the beam 
itself with a I'.iver of concrete such that the outer surface is at least 
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2 inches from the nearest point of the steel beam, results in having 
a shoulder of concrete under the end of each slab, which quite mater- 
ially adds to its structural strength. But usually no allowance is 
made; nor is there anv reduction in the thickness of the slab on account 
of this added strength. In this case also, the factor of safety is again 
iiidefmitely increased. The fireproofing around the beam must 
usually be kept in place by wrapping a small slieet of expanded metal 
or wire lath around the lower part of the beam before the concrete 
is placed. 

Slabs Reinforced in Both Directions. When the floor beams of 
a floor arc spaced nearly equally in both directions, so as to form, 
between the beams, panels which are nearly scjuare, a material saving 
can be made in the thickness of the slab i)y reinforcing it with bars 
running in both directions. The theoretical computation of the 
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strength of such slabs is exceedingly complicated. It is usually con- 
sidered that such slabs have twice the strength of a slab supported 
only on two sides and reinforced with bars in but one direction. The 
usual method of computing such slabs is to compute the slab thickness, 
and the spacing and size of the reinforcing steel for a slab which is to 
carry one-half of the actual load. Strictly speaking, the slab should 
be thicker by the thickness of one set of reinforcing bars. 

Reinforcement against Temperature Cracks. The modulus of 
elasticity of ordinary concrete is approximately 2,400,000 pounds per 
square inch, while its ultimate tensional strength is about 200 pounds 

per square inch. Therefore a pull of ^l^^^^^ ~i . wv^ri' ^f the length 

would nearly, if not quite, rupture the concrete. The coefficient of 
expansion of concrete has been found to be almost identical with that 
of steel, or .0000065 for each degree Fahrenheit. Therefore, if a 
block of concrete were held at the ends with absolute rigidity, while 
its temperature were lowered about 12 degrees, the stress developed 
in the concrete would be very nearly, if not quite, at the rupture point. 
Fortunately the ends will not usually be held with such rigidity; but 
nevertheless it does generally happen that, unless the entire mass of 
concrete is permitted to expand and contract freely so that the tem- 
perature stresses are sm:dl, the stresses will usually localize themselves 
at the weak point of the cross-section, wherever it may be, and will 
there develop a crack, provided the concrete is not reinforced with 
steel. If, however, steel is well distributed throughout the cross- 
section of the concrete, it will prevent the concentration of the stresses 
at local points, and will distribute it uniformly throughout the mass. 
Reinforced concrete structures are usually j)rc)vi(le(l with bars 
running in all directions, so that temperature cracks are prevented 
by the presence of such bars, and it is generally unnecessary to make 
any special provision against such cracks. The most common 
exception to this statement occurs in Hoor slabs, which structurally 
require bars in only one direction. It is found that cracks parallel 
with the bars which reinforce the slab \vill be prevented if a few bars 
are laid perpendiculiriy to the direction of the main reinforcing bars. 
Usually l-inch or ij-inch bars, spaced about 2 feet apart, will be 
sufficient to prevent such cracks. 
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Retainiii<^ walls, the biilustra.les of bridges, and other similar 
structures, which may not need any bars for purely structural 
reasons, should be i)rovided with such bars in order to prevent 
temperature cracks. A theoretical determination of the amount of 
such reinforcing steel is practically impossible since it depends on 
assumptions which arc thc:nselves very doubtful. It is usually con- 
ceded that if there is placed in the concrete an amount of steel whose 
cross-sectional area cqu:ils nbout J of 1 per cent of the area of the 
concrete, the structure will be proof against such cracks. Fortunately, 
this amount of steel is so small that any great refinement in its deter- 
mination is of little iinp:)rtance. Also, since such bars have their 
value. in tying the stnu'ture together and thus adding somewhat to its 
strenirth a:i 1 abilitv t > resist disinte^jrration owing to vibrations, the 
bars are usually w,)rt]i what tliev cost. 

TANKS 

Design. The extreme durability of reinforced concrete tanks, 
and their innnunity from deterioration by rust, which so quickly 
destroys steel tanks, have resulted in the constniction of a large and 
increasing number of tanks in reinforced concrete. Such tanks must 
be designed to withstand the bursting pressure of the water. If they 
are very high compared with their diameter, it is even possible that 
failure might result from excessive wind pressure. 

The method of designing one of these tanks mav best be con- 
sidered from an example. Suppose that it is required to design a 
reinforced concrete tank with a capacity of 50,000 gallons, which 
shall have an inside diameter of IS fwi. At 7.4S gallons per cubic foot, 
a capacity of .')(),()()0 gallons will re([uire (),()S4 cubic feet. If the inside 
diameter of the tank is to be IS feet, then the IS-foot circle will con- 
tain an area of 254..") s()uare feet. The depth of the w^ater in the 
tank will therefore be 26.26 feet. The lowest foot of the tank will 
therefore be subjected to a bursting pressure due to 25.76 vertical 
feet of water. Since the water pressure per scjuare foot increases 62J 
pounds for each foot of depth, we shall have a total pressure of 1,610 
pounds per square foot on the lowest foot of the tank. Since the 
diameter is IS feet, the bursting pressure it must resist on each side 
is one-half of IS X 1,610 - \ X 2S,i)S0 - 14,490 pounds. If we 
allow a working stress of 15,000 pounds per .square Inch, this will 
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require .900 squfire inch of metal in the lower foot. Since the bursting 
pressure is strictly proportional to the depth of the water, we need 
only divide this number proportionally to the depth to obtain the 
bursting pressure at other depths. For example, the ring one foot 
high, at one-half the depth of the tank, should have .483 square inch 
of metid; and that at one-third of the depth, should have .322 square 
inch of metal. The actual bars required for the lowest foot may be 
figured as follows: .900 square inch per foot ecjuals .()<S05 square 
inch per inch; J-hich scjuare bars, having an area .o()2r) square inch, 
will funiish the reciuired strength when spaced 7 inches apart. At 
one-half the height, the re(|uired metal per linear inch of height is 
half of the above, or .OiO. This could be provided by using J-inch 
bars spaced 14 inches apart; but this is not so good a distribution of 
metal as to use i;-inch squan* bars having an area of .39 scjuare inch, 
and to space the bars nearly 10 inches apart. . It would give a still 
better distribution of metal, to use \-incli bars spaced inches apart 
at this point, although the l-inch bars are a little more expensive per 
pound, and, if they are spaced very closely, will add slightly to the 
cost of placing the steel. Tiie size and spacing of bars for other points 
in the heiglit caii be similarlv determ'ned. 

A circle IS feet in diameter has a circumference of somewhat 
over oO feet. Assuming as a preliminary figure that the tank is 
to be 10 inches thick at the bottom, the mean diameter of the 
base ring would be IS. S3 feet, which would give a circumference 
of over 59 feet. Allowing a lap of 3 feet on the bars, this would 
require that the bars should be about 02 feet long. Although it is 
possible to have bars rolled of this length, they are very difficult to 
handle, and require to be transported on the railroads on iwo Hat cars. 
It is therefore preferable to use bars of slightly more than half this 
length, and to make two joints in each band. 

The bands which are used for ordinary wooden tanks are usually 
fastened at the ends by turn-buckles. Some such met4iod is necessary 
for the bands of concrete tanks, provided the bands are made of plain 
bars. Deformed bars have a great advantage in such work, owing to 
the fact thai, if the bars are over-lapped from 18 inches to 3 feet, 
according to their size, and are then wired together, it will recjuire a 
greater force than the strength of the bar to pull the joints apart after 
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they arc once thoroughly incased in the concrete and the concrete 
has hardened. 

Test for Overturning. Since the computed depth of the watei is 
over 20 feet, we must calculate that the tank will be, say, 28 feet high. 
Its outer diameter will be approximately 20 feet. The total area 
exposed to the surface of the wind, will Ix^ 500 square feet. We may 
assume that the wind has an average pressure of 50 pounds per square 
foot; but owing to the circular form of the tank, we shall assume that 
its effective pressure is only one-half of this; and therefore we may 
figure that the total overturning pressure of the wind e(|uals 560 X 25 
= 14,000 pounds. If this is considered to be applied at a point 14 
feet above the ground, wc have an overturning moment of 196,000 
foot-pounds, or 2,352,000 inch-pounds. Vsin^ a factor of 4 on this, 
W'e may consider this as an ultimate moment of 9,408,000 inch-pounds. 

Although it is not strictly accurate to consider the moment of 
inertia of this circular section of the tank as it would be done if it were 
a strictly homogeneous material, since the neutral axis, instead of 
being at the center of the section, will be nearer to the compression 
side of the section, our simplest method of making such a calculation 
is to assume that the simple theory applies, and then to use a generous 
factor of safctv. The effect of shifting]: the neutral axis from tlie 
center toward the compression side, will be to increase the unit com- 
pression on the concrct(\ and reduce the unit tension in the steel; but, 
as will i)e seen, it is i^enerallv neccssarv to make the concrete so thick 
that its unit compressive stress is at a very safe figure, while the 
reduction of tlic unit tension in the steel is merely on the side of safety. 

Applying the usual theoiy, we have, for the moment of inertia of 
a ring section, .049 (r/^* — d^). Let us assume as a preliminary 
fiirure that the wall of the tank is 10 inches thick at the l)ottom. 
Its outside dianietiM* is therefore IS feet f twice 10 inches, or 230 
niches, llie moment of inertia / - .049 f2:]()» - 21(>^) - 45,337,842 
bicjuadratic inches. (,'alHng c the unit compression, we have, as 
the ultimate moment due to wind pressure: 

M '^ r. = l),40S.0U0 inch-pounds, 

in which \d^ --= 118 inches. 

Solving the above equation for c, we have c ecjuals a fraction 
less than 25 pounds per stiuare inch. This pressure is so utterly 
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insignificant, that, even if we double or treble it to allow for the shift- 
ing of the neutral axis from the center, and also double or treble the 
allowance made for wind pressure, although the pressure chosen is 
usually considered ample, we shall still find that there is practically 
no danger that the tank will fail owing to a crushing of the concrete 
due to wind pressure. 

The above method of computation has its value in estimating 
the amount of steel required for vertical reinforcement. On the basis 
of 25 pounds per square inch, a sector with an average width of 1 inch 
and a diametral thickness of 10 inches would sustain a compression 
of about 250 pounds. Since we have been figuring ultimate stresses, 
we shall figure an ultimate tension of, say, 55,000 pounds per square 

250 
inch in the steel. This tension would therefore require " - = 

* 55,000 
.0045 square inch of metal per inch of width. Even if J-inch bars were 
used for the vertical reinforcement, they would need to be spaced only 
about 14 inches apart. This, however, is on the basis that the neutral 
axis is at the center of the section, which is known to be inaccurate. 

A theoretical (lemonstration of the position of the neutral axis 
for such a section, is so excetMlingly complicated that it will not be 
considered here. The theoretical amount of steel required is always 
less than that computed bv tlie above approximate method, but the 
necessity for preventin*:^ cracks, which would cause leakage, would 
demand more vertical reinforcement than would be recjuired by wind 
pressure alone. 

Practical Details of the Above Design. It was assumed as an 
approximate figure, that the tliickness of the concrete side wall at the 
base of the tank should be 10 inches. The calculations have shown 
that, so far as wind pressure is concerned, such a thickness is very 
much greater than is required for this purpose; but it will not do to 
reduce the thickness in accordance with the apparent requirements 
for wind pressure. Although the tliickness at the bottom might be 
reduced below 10 inches, it probably would not be wise to do so. 
It may, however, be tapered slightly towards the top, so that at the 
top the thickness will not be greater than inches, or perhaps even 
5 inches. The vertical bars in the lower part of the side wall must be 
bent so as to run into the base slab of the tank. This will bind the 
side wall to the bottom. The necessity for reinforcement in the bot- 
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torn of the Uiiik depends ven' largely upon the nature of the founda- 
tion, and also to some extent on the necessity for proviiling against 
temperature cracks, as has l^een discussed in a previous section. Even 
if the tank is placed on a firm and absolutely unyielding foundation, 
some rcnnforcemcnt should be used in the bottom, in order to prevent 
cracks which might produce leakage. These bars should run from 
a point near the center, and be lx?nt upwanl at least 2 or 3 feet into 
the vertical wall. Sometimes a gridiron of bars mnning in both 
directions is used for tliis purpose. This method is really preferable 
to the radial metliod. Tlie methcxls of making tanks water-tight 
have already been discussed. 

•r 

RETAINING WALLS 

Essential Principles. The economy of a retaining wall of rein- 
forced concrete lies in the fact that by adopting a skeleton form of 
construction and utilizing the tensional and transverse strength which 
mav be obtained from reinforced concrete, a wall mav be built, of 
wliich the volume of concrete is, in some cases, not more than one- 
third tlie volume of a retaining wall of plain concrete which would 
a.:sw(T the same purpose. Although the cost of reinforced concrete 
per cubic foot will be somewhat greater than that of plain concrete, 
it sometimes happens that such walls can be constructed for one-half 
the cost of plain concrete walls. The general outline of a reinforced 
concrete retaining wall is similar to the letter L, the base of which is a 
base-plate made as wide as (and generally a little wider than) the 
width usually considered necessary for a plain concrete wall. As a 
gen(^ral rule, the width of the base should be about one-half the 
height. The face of the wall is made of a comparatively thin plate 
whose thickness is governed by certain principles, as explained later. 
At inter\'als of 10 feet, more or less, the base-plate and the face are 
connected by buttresses'. These buttresses are very strongly fastened 
by tie-bars to both the base-plate and the face-plate. The stress in 
the buttresses is almost exclusively tension. The pressure of the 
earth tends to force the face-plate outward; and therefore the face- 
plate must be designed on the basis of a vertical slab subjected to 
transverse stresses which are maximum at the bottom and which 
nnJuce to zero at the top. 
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If the wall is "surcliargpd" (which moans that ihc earth at the 
top of the wall is not level, but runs back at a slopi-), then tlic face- 
plate will liave transverse stresses even at the top. The base-plate 
is held down by the pressure of the siip<'rim posed earth. The 
buttresses must transmit the bursting pressure on the face of the wall 
backward and ilownwarl to the ha.se-plate. The Imso-plate must 
therefore be designed by die same mediod as a horizontal slab carrj-- 





ing a load equal an<l opposite to the upward pull In ciich liiiilress. 
If the base-plate extends in front of the fa<v of the wall, thus forming 
an extended toe, as is frequently done with considenthle economy 
and advantage, even that foe must lie designcti to withstaiK^ trans- 
verse bending at the wall line, and also shearing at that point. The 
a:pplication of fhr.sc principles can l)est 1h' understood by an illus- 
tration. 

Numerical Example. Assnine that it is required to design a 
retaining wall to withstand an ordinarj- earthwork pressure of 20 feet, 
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the earth being level on top. We are at oiiee eonf routed with the 
determination of the actual lateral pressure of the earthwork. Unfor- 
tunately, this is an exceedingly uncertain quantity, dei)ending upon the 
nature of the soil, upon its angle of repose, and particularly upon its 
condition whether wet or drj'. The atiglc of repose is the largest angle 
with the horizontal at which the material will stand without sliding 
down. A moment's consideration will show that this angle depends 
very largely on the condition of the material, whether wet or dry, etc. 
On this account any great refinement in these calculations is utterly 
useless. 

Assuming that the back ^ace of the wall is vertical, or practically 
so; that the upper surface of tiie earth is horizontal; and that the angle 
of repose of the material is 30°, the total pressure of the wall equals 
I w h', in which h is the total height of the wall, and w is the weight 
per unit volume* of the earth. If the angle of repose is steeper than 
this, the pressure will Ik* less. If the angle of repose is less than this, 
the fraction J will be larger, but the unit weight of the material will 
probahlij be smaller. Assuming the weight at the somewhat excessive 
figure of 96 pounds per cubic foot, we can then say, as an ordinary 
rule, that the total pressure of the earth on a vertical strip of the wall 
one foot wide will e(|ual 10 /r, in which // is the height of the wall in 
feet. The average pressure, therefore, eciuals 10//; and the maxi- 
mum pressure at a depth of // feet ecjuals 32 //. Applying this figure 
to our numerical example, we have a total pressnre on a vertical 
strip one foot wide, of 10 X 20" ^ 0,400 pounds. The pressure at a 
depth of 20 feet - 32 X 20 = 040 pounds. 

It is usual to compute the thickness and reinforcement of a strip 
one foot wide runnin;^ horizontallv between two buttresses. Prac- 
tically the strip at the bottom is very strongly reinforced by the base- 
plate, which runs at right angles to it; but if we design a strip at the 
b:)ttom of the wall without allowing for its support from the base- 
plate, and then design all the strips towards the top of the wall in tlie 
same proportion, the uj^per strips will have their proper design, while 
the lower strip merely has an excess of strength. We shall assume 
in this case* that the buttresses are spaced 15 feet from center to center. 
Then the load oa a horizontal strip of face-plate 12 inches high, 15 
feet long, and 19 feet inches from the top, will be 15 X 19.5 X 32, or 
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9,360 pounds. Multipljdng this by 4, we have an ultimate load of 
37,440 pounds. The span in inches equals ISO. Then, 

37.440 X ISO . , 

,1/o = - .. = <S42.400 inch -pounds. 

Placing this equal to 397 b rP, in which 6=12 inches, we fiiid that (P 
— 17G.8, and d — 13.3 inches. At one-half the height of the wall, 
the moment will equal one-half of the above, and the requiral thick- 
ness d would be 9.4 inches. The actual thickness at the bottom, 
including that requirtnl outside of the reinforcement, would there- 
fore make the thickness of the wall about 16 inches at the bottom. 
At one-half the heiglit, the thickness must be about 12 inches. Using 
a uniform taper, this would mean a thickness of 8 inches at the 
top. 

The reinforcement at the bottom would equal .0084 X 13.3 = 
.112 square inch of metal per inch of height. Such reinforcement 
could be obtained by using J -inch bars spaced 5 inches apart. The 
reinforcement at the center of the height would be ,0084 X 9.4 = .079 
square inch per inch of width. This could be obtained by using J- 
inch bars about 5 inches apart, or by using J -inch bars about 7 inches 
apart. The selection and spacing of bars can thus be made for the 
entire height. While there is no method of making a definite calcula- 
tion for the steel required in a vertical direction, it may be advisable 
to use 2 -Inch bars spaced about 18 inches apart. 

Base-Plate. We shall assume that the base-plate has a width 
of one-half the height of the wall, or is 10 feet wide. If the inner face 
of the face-plate is 2 feet 6 inches from the toe, the width of the base- 
plate sustaining the eardi pressure is 7 feet 6 Inches. The actual 
pressure on the base-plate is that due to the total weight of the earth. 
The upward pull on the buttresses is less than this, and is measured 
by the moment of the horizontal pressure 'ending to tip the wall over. 
To resist this overturning tendency, there must be a downward pres- 
sure on the plate whose moment equals the moment of the couple 
tending to turn the wall over. The pressure on the wall on a vortical 
strip one foot wide, as found above, is 6,400 pounds, which has a 
lever arm, about the center of the base of the face-plate, of 6 feet 8 
inches. The vertical prc\ssure to resist this will Ije applied at the 
center of the 7-foot 6-inch base, or 4 feet 5 inches from the center of 
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the face-plate. Tlie total necessary pressure will therefore be 

6,400X0.07 ^..., , ^, . 
o — ' ^^ 9yi)od pounds. 1 his means an average pressure 

of 1,2S7 pounds per square foot. Making a similar calculation for 
this base-plate to that previously made for the face-plate, we find 
that the thickness d ^ 10.1 inches. This shows that our base-plate 
should have a total thickness of about 22 ir.ches. 

The amount of steel per inch of width of the slab equals .0084 
X 19.1 = .100 square inch. This can be provided by J-inch bars 
spaced 4 J inches apart, or by 1-inch bars spaced 0} inches apart. 
This reinfoR'cment will be uniform across the totid width of the base- 
plate. 

Buttresses. The total pressure on a vertical strip one foot wide 

is 6,400 pounds. For a panel of 15 feet, this equals 90,000 pounds; 

and its moment about the base of the wall equals 90,000 X 80 inches 

= 7,080,000 inch-pounds. If the tie-bars m the buttresses are 

placed about 3 inches from the face of the buttresses, their distance 

from the center of the base of the face wall will be about 89 inches. 

7 080 000 
Therefore the tension in the bars in each buttress will equal - — —* 

* 89 

= 80,292 p'junds. 

Since the earth pressures considered above are actual pressures, 
we must here consider working stresses in the metal. Allowing 
15,000 pounds' tension in the steel, it will refjuire 5.75 square inches 
of steel for the tie-bars of each buttress. Six 1-inch square bars will 
more than funiisli this area. Even these bars need not all be extended 
to the top of the buttress, since the tension is gradually being trans- 
ferred to tlie face-plate. 

The width of the buttress is not verv- definitelv fixed. It must 
have cnougli volumj to contain the bars properly, without crowding 
them. In this case, for the six 1-inch bars, we shall make the widtli 
12 inches. At the base of the buttresses, these bars should be bent 
around bars running through the base-plate, so that the lower part 
of the buttress will be very thorouglily anchored into the base-plate. 
It is also necessary to tie the buttress to the face-plate. The amount 
of this tension is definitely calculated for each foot of height, from 
the total pressure on the face-plate in each panel for that particular 
foot of height. At a depth of 19.5 feet, we found a bursting pressure 



104 



REINFORCED CONCRETE 95 

of 624 pounds per square foot, or 9,360 pounds on the 15-foot panel. 
This would therefore be the required bond between the buttress and 
the face-plate at a depth of 19.5 feet. With a working tension of 
15,000 pounds per square inch, such a tension would be furnished 
by .024 square inch of metal. This equals .05 square inch of metal 
for each inch of height, and J-hich bars spaced 5 inches apart will 
furnish this tension. The amount of this tension varies from the 
above, to zero at the top of the wall. This tension is usually provided 
by small bars, such as i-inch bars, which arc bent at a right angle so 
as to hook over the horizontal bars in the face-plate and run backward 
to the back of the buttress. 

In the design described above, the extension of the toe beyond the 
face of the wall is so short that there is no danger that the toe will be 
broken off on account of either shearing or transverse stress. It is 
usually good policy to place some transverse bars hi the base-plate 
which are perpendicular to the face of the wall, and to have them 
extend nearly to the point of the toe. No definite calculation can be 
made of the required number of these bars unless they are required to 
withstand transverse bending of the toe. 

If there is any danger that the'subsoil is liable to settle, and thus 
produce irregular stresses on the base-plate, a large reinforcement in 
this direction may prove necessar)'. It is good policy to place at least 
J-inch bars every 12 inches through the base-plate, for the prevention 
of cracks; and this amount should be increased as the uncertainty in 
the stress in the base-plate increases. Although there are no definite 
stresses in the top of the wall, it is usual to make the thickness of the 
face-plate at least 6 niches at the top, and also to place a finishing 
cornice on top of the wall, somewhat as is shown in P'ig. 48. 

When the subsoil is very unreliable, it is even possible that there 
might be a tendency for the front and back of the base-plate to sink, 
and to break the base-plate by tension of the top. This can be resisted 
by bars in the upper part of the base-plate which are perpendicular 
to tlie wall. 

Box Culverts. The permanency of concrete, and particularly 
reinforced concrete, has caused its adoption in the constructioii of 
culverts of all dimensions, from a cross-sectional area of a very few 
square feet, to that of an arch which might be more propeily classified 
under the more common name "masonry arch.'' The smaller sizes 
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can be coiistnictiid timn- easily, and with less expense for the forras, 
by giving tlieni a rectaiiguliir cross-section. The question of founda- 
tiicis is solved mi>st easily by making a concrete bottom, as well as 
side walls and top. The structure tlien I)ecomcs literally a, "box." 
Its design consists in the detertnt nation of die .external pressure 
exerted by the earlli and of the required thickness of the concrete tc 
withstand the pressure on the flat aides considered as slabs. The 
most uncertain part of the computation lies in the determination of the 
actual pressure of the earth. Vnder the heading, "Retaining Walls," 
this uncertainty was discussed. 

One vcrj- simple method is to assume that the earth pressure 
is equivalent to that of a liquid having a unit weight equal to that 
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cf the weight of a cubic foot of the earth, which is nearly 100 
pounds. I'lider almost any circumstances, thcsi' figures would be 
suffi:-ic:itly largi', and perhaps very excessive. Calculations on such 
a basis are therefore' certainly safe. If the pres.sure is computed on 
this basis, and a factor of sJifely of 2 is usetl, it is equivalent to an 
actual pressure of oTily one-half the amount (which is more probable) 
having a factor of 4. If the depth of the earth is quite large compared 
with the dimensions of the culvert, we may con.sidcr ihal the upward 
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pressure on the bottom, as well as the lateral pressure on the sides, 
is practically the same as the downwanl pressure on the top. If the 
bottom of the culvert is laid on rock, or on soil which is practically 
unyielding, there will be no necessity of considering that there is any. 
upward pressure on the bottom slab tending to burst that slab upward. 
The softer the soil, the greater will be the tendency to transverse 
bending in the bottom slab. 

Since the design of rectangular box culverts is purely an applica- 
tion of the equations for transverse bending, after the external pres- 
sures have been determined, no numerical example will here be given. 
These structures are not only reinforced with bars, considering the 
sides as slabs, but should also have bars placed across the comers, 
which will withstand a tendency for the section to collapse in case 
the pressure on opposite sides is unequal. They must also be rein- 
forced with bars running longitudinally with the culvert. As in the 
other cases of longitudinal reinforcement, no definite design can be 
made for its amount. A typical cross-section for such a culvert is 
shown in Fig. 49. The longitudinal bars are indicated in this figure. 
They are used to prevent cracks owing to expansion or contraction, 
and also to resist any tendency to rupture which might be caused by 
a settling or washing-out of the subsoil for any considerable distance 
under the length of the culvert. 

Arch Culverts. No attempt will here be made to explain the 
general theory of arches. A stone arch is always designed on the 
basis that there is no tension in the arch ring. The design is also 
based on the principle that the line of prcssun^ within the arch rir.g 
shall always be such that there is some pressure on every part of each 
joint, which practically means that the line of pressure shall not at 
any point be outside the middle third of the arch ring. It is usually 
a simple matter s j to design an arch ring that when the arch is uni- 
formly loaded from end to end, either with a light load or witli its 
maximum load, the line of pressure shall at all points be within the 
middle third of the arch ring; but when the load on the arch is eccen- 
tric — or, in other words, when one portion of the arch is heavily 
loaded, and the other parts of the arch have no load — the line of 
pressure may pass near the edge of the arch ring, or even entirely 
outside of it. This is especially true when the weight of the live load 
is large compared with the dead weight of the arch. An arch built of 
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stone would certainly fail under such conditions. An arch built of 
plain concrete would probably also fail under such conditions, 
although the tcnsional strength of the concrete would permit a con- 
siderable variation of the line of pressure before failure would take 
place. If the arch is built of reinforced concrete, the tensional 
strength furnished by the bars will permit a very lai^ variation in 
the line of pressure Ix'fore failure will take place. This will permit 
the use of n verj' niucli thimier arch ring tlian would be safe for either 




stone or plain (■(Hicretc. ^'ariations in the loading of an arch will 
cause such a change in the line of pn'Ssurc, and such a variation in 
the pliic-e where a tendency to bending may occur, tliat it is usual to 
place two layers of bars, one slightly within the c.xtradus of tlie arch, 
and the other slightly above the inlrados. These bars are con- 
nected by cross-bar.s which R'sist llic tendency to slicariiig. Bars are 
also placed parallel with the a.xis of the arch. These are illustrated 
in Fig. 50. 
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The design of the arch consists in the determination, according 
to the theory of elastic arches, of the maximum moment which can 
occur at any point of the arch, under any probable system of loading. 
The depth of the arch at that point, and the amount of steel required, 
can then be computed according to the principles of transverse bend- 
ing previously laid down. Since it is impracticable to vary the 
amount of reinforcement at different sections of the arch, it is usual 
to compute the amount of reinforcement needed at the point where 
the requirement is the greatest, and to use such steel throughout the 
entire section of the arch. Almost the only variation from this occurs 
when additional bars are sometimes run from the abiitmer.t for 
several feet across the arch in order, to provide for the very excessive 
moment that may occur near the abutment in some designs, that 
moment not being found under any conditions at or near the cen- 
ter of the arch. The amount of reinforcement which should be 
placed parallel with the axis of the arch is indefinite, as is the case 
with other forms of longitudinal reinforcement. 

The centering for concrete arches is not materially different from 
that of the centering of any masonry arch, except in the fact that, 
since the concrete is usually a very wet mixture, the forms must be 
made with closer joints than would be required for a stone arch. 

A very material saving can frequently be made in the amount 
of concrete in the abutments — especially when the soil is sq soft that 
it cannot easily withstand the thrust of the arch — by connecting the 
two abutments by a concrete bottom in w^hich are placed sufficient 
steel tie-rods to take up the thrust of the arch. Frequently there is a 
very considerable economy in this method, which has the added ad- 
vantage that the bottom of the culvert will have a smooth surface, 
which will materially accelerate the flow of the water, and will even 
permit of a slight reduction in the cross-section of the arch opening. 
It is also possible to effect some economy in the amount of concrete 
required for the abutments, by using a skeleton form of construction, 
having a base-plate and buttresses somewhat similar to the skeleton 
design already shown for retiiining walls (see Fig. 48). In such 
designs the pressure of the earth on the base-plate assists in funiishiug 
the necessary anchorage for the abutments. The economy which is 
thus possible — and which is possible only because the structure is 
made of reinforced concrete — is very considerable. 

yJ O p} -!" .' 
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Footings. When a definite load, such as a weight carried by a 
column, is to be supported on a subsoil whose bearing power has been 
estimated at some definite figure, the required area of the footing be- 
comes a perfectly definite quantity, regardless of the method of con- 
struction of the footing. But with the area of the footing once deter- 
mined, it is possible to effect considerable economy in the construction 
of the footing, by tlie use of reinforced concrete. An ordinary footing 
of masonry is usually made in a pjramidal form, although the sides 
will be stepped off instead of being made sloping. It may be approxi- 
mately stated, that the depth of the footing below the base of the 
column, when ordinarj' masonry^ is used, must be practically equal to 
the width of the footing. The offsets in the masonrj^ cannot ordinarily 
be made any greater than the heights of the various steps. Such a 
plan requires an excessive amount of masonry. 

A footnig of reinforced concrete consists essentially of a slab, 
which is placed no deeper in the ground than is essential to obtain a 
proper pressure from the subsoil. In the simplest case, the column 
is placed in the middle of the footing, ai d thus acts as a concentrated 
load in the middle of the plate. The mechanics of such a problem 
are somewhat similar to those of a slab supported on four sides and 
carrying a concentrated load in the center, with the v:ry important 
exception, that the resistance, instead of being applied merely at the 
edges of the slab, is uniformly distributed over the entire surface. 
Since the coluimi has a considerable area, and the slab merely o\H?r- 
laps the column on all sides, the common method is to consider the 
overlapping on each side to be an uivertcd cantilever canying a uni- 
formly distributed load, which is in this case an upward pressure. 
The maximum moment evidently occurs innnediatcly below each 
vertical face of the colunni. At the extreme outer edge of the slab 
the moment is evidently zero, and the thickness of the slab may there- 
fore be reduced considerably at the outer edge. The depth of the 
slab, and the amount of reinforcement, which is of course placed near 
the bottom, can be (letennined according to the usual rules for 
obtaining a moment. This can best be illustrated numerically. 

Example. Assume that a load of 2r)2,()00 pounds is to be carried 
by a column, on a soil which consists of hard, firm gravel. Such soil 
will ordinarily safely carry a load of 7,000 pounds per square foot. 
On this l)asis, the area of the footing nmst be 30 square feet, and 
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therefore a footing G feet square will answer the purpose. A concrete 
column 24 inches square will safely cany suc'li a loading. Placing 
such a column in the middle of a footing will leave an offset 2 ftet 
broa<l outside each face of the column. We may consider a section 
of the footing made by passing a vertical plane through one face of the 
column. This leaves a block of the footing G feet long ai;d 2 feet 
wide, on which there is an up- 
ward pre-ssurc of 12 X 7,(HK) 
= 84,000 pounds. The ci-ntor 
of pressure is 12 inches from 
the section, and the moment is 
dierefore 12 X 84,000 = 
1,008,000 inch-pounds." Mul- 
tiplying this by 4, we have 
4,032,000 inch-pounds as the 
ultimate moment. Applyii'g 
Equation 13, wc place tliis 
equal to 397 b ff, in which 6 = 
72 inches. Solving this for d, 
wc have d = 11.9 inches. A 
total thickness of 15 inches 
would thcrtfore answer the 
purpose. The amount of steel 
required per inch of width = 
.0084d = .00S4 X 11.9=. 1(X) 
.square inch of steel per inch 
of width. Therefore J-inch liars, spaced 5.G inches apart, will .scne 
the purpose. A similar reinforcing of bars should he plaeiHl |K'rpcii- 
dicularly to the.se bars. 

The alwve verj- simple solution would be flicorctically accumtc 
in the case of an offset 2 feet wide for the footing of a wall of iiideruiitc 
length, assuming tiiat tlie upward pressure was 7,000 pounds per 
Sf|uare foot. 'I'ne development of such a moment uniformly along 
the section of our sc;ui:re footing, implies a rcsi.sfancc to l>ciiding at 
the outer edges of the ii^'b which mil not actually be obtained. The 
moment will ccrtaiidy b'j greater under the edges of the cohinm. 
On the other hand, we have used burs in l«»tVt directions. The bars 
pa.ssing under the cohnnn in each direction arc just such as are re- 
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quired to withstand the moment procluce<I by the pressure on that 
part of the footing (Hrectly in front of each face of the column. It 
may be considered that the other bars liave their function in ^^ng 
the two systems into one plate whose several parts mutually support 
one another. If further justification of such a method is needed, it 
may be said that exix'rieiice has shown that it practically fulfib its 
purpose. 

When a siin])Ie foothig supports a siiif;lc cohiinn, the center of 
pressure of the column must pass vcrlically thnmnh tlic center of 
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gravity of the fdnlinj,', or llicrc will Ih' dringcruus (raiisverse stresses 
in the column, as (liscus.si'<I later. ISul it is sonirlimcs necessary to 
support a column on the edge of a projKTly hue when it is not per- 
missible to extend the foundaliotis beyond llie pn>pcrty lino. In such 
a ca.sc, a simple fiMiting is iinpraclicablc. The niethcKl of such a 
solution is indicali-d in Fig. .52, without luimcrical computation. 
The nearest iiitrrior (-olunui (or even a cnlunui on tlie opiwsite side 
of the building, if the builditig Ik- not too wide) is selcclnl, and a com- 
bined footing is const nictwl uniler twth colunuis. The weight on 
iKith coltuniis is coniputi'd. It" the weights are criual, the center of 
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gravity is half-way between them; if unequal, the center of gravity 
is on the line joining their centers, and at a distance from them such 
that (see Fig. 52) x'.y:: }]\: Wy In this case, evidently, W^ is the 
greater weight. The area abed must fulfil tw^o conditions: 

(1) The area must equal the total loading {W\ + IKs), divided by the 
allowable loading per square foot; and 

(2) The center of gravity must be located at O. 

An analytical solution of the relative and absolute values of a 6 
and crfw^hich will fulfil the two conditions, is ver\' difficult, and for- 
tunately is practically unnecessarj'. If x and y are equal, ahcdxso, 
rectangle. If W^ is greater than 2 ]\\, thlni y will be less than \x\ 
and even a triangle with the vertex under the column W^y w^ould not 
fulfil the condition. In fact, if ir, is verj^ small compared w^ith W^y it 
might be impracticable to obtain an area sufficiently large to sustain 
the w-eight. The propi^r area can be determined by a few^ trials, with 
sufficient accuracy for the purpose. 

The footing must be considered as an inverted beam at the 
section mn, where the moment = W jj -f W^x, The width is mn\ 
and the required depth ar.d the area of the steel must be computed 
by the usual methods. The bars will here be in the top of the footing, 
but will be bent down to the bottom under the columns, as shown in 
Fig. 52. The cross-bars luider each column will be designed, as in 
the case of the simple footing, to distribute the weight on each colunm 
across the width of the footing, and to transfer the weight to the 
longitudinal l)ars. 

Vertical Walls. Vertical walls which are not intended to carry 
any weight, are sometimes made of n^inforced concrete. They are 
then calked curtain ivaUti, and art* designed merely to fill in the panels 
lx?tween the posts and girders which form the skeleton frame of the 
building. Wlien these walls are interior walls, there is no definite 
stress which can be assigned to them, except by making assumptions 
that may be more or less U'»warranted. When such walls are used 
for exterior walls of buildings, they must be designed to withstand 
wind pressure. This wind prt^ssure will usually be exerted as a 
pressure* from the outsifle tending to force the wall inw\ard; but if 
the wind is in the contran* direction, it may cause a lowpr atmospheric 
pressun* on the. outside, while the higher pressure of the air within 
the building will tend to force the wall outwartl. It is improbable, 
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however, that siieli a pressure would ever he as great as that tending 
to foree the wall inward. Fuch walls may he designed as slabs 
carrjing a uniformly distributed load, and supported on all four sides. 
If the panels are aj)pr().\imately scjuare, they should have bars in both 
direetions, and should he designed hy the same method as "slabs 
reinforeal in both direetions," as has been previously explained. 
If the vertical j)osts are much closer together than the height of th» 
f^oor, as sometimes occurs, the principal reinforcing bars should he 
h.orizoiital, and the walls should he designed as slabs having a span 
(([ual to the distance between the j)osts. Some small bars spaced 
about 2 feet aj)art should be placed vertically to prevent shrinkage. 
The pressure ()f the wind corresponding to the loading of the slab, 
is usually considered to he 30 pounds per square foot, although the 
actual wind pressure will very largely depend on local conditions, 
such as the j)r()tccti()n which the building receives from surrounding 
buildings. A j)rcssure of thirty pounds j)er square foot is usually 
sufficient; and a slab designcnl on this basis will usually be so thin, 
perhaps only 4 inches, that it is not desiruble to make it any thinner. 
^ ince designiiig such walls is such ai obvious application of the 
equations and problems already solved in detail, no numerical illus- 
trati(;n will here l.e given. 

Wind Bracing. 'J'lic practical applications of the -principles of 
reinforced concrete which have alreadv been discussed, have been 
almost exclusively those required for sustaining vei'tical loads; but 
a structure consisting simply of beams, girders, slabs, and columns 
vioy fall down, like a house of cards, unless it is provided witli lateral 
bracing to withstand wind j)ressure and any lateral forces tending 
to turn it over. The necessary provision for such stresses is usually 
made hy placing brackets in the angles between posts and girders, 
as has been illustrated in Fig. 4(). These l)rackets are reinforcwl 
with bars which will resist anv tensile stress on the brackets. The 
c'omprcssive strength of concrete may be relied on to resist a tendency 
to (rush, the l)rackcts hv comT>ression. I'suallv such brackets will 
occur in jKiirs at each end of a beam supported on two columns. 
If we consider that any given monu^nt is to he divided equally between 
two brackets, then, if we are to have a working tension of 15,000 
pounds per scjuare inch in the steel, and a working compression of 500 
pounds j)er s(]uare inch in the concrete, tlie area of the concrete must 
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be 30 times the area of the steel. But since the outer face of the con- 
crete will have practically twice the compression of the concrete at the 
angle of the beam and column, and since the maximum of '500 pounds 
per scjuare inch must not be exceeded, we must have twice that area of 
concrete; or, in other worIs, the area of the concrete from the point of 
the angle down to the face must l)e 00 times the area of the steel. 

Although these brackets are frequently put in without any defi- 
nite design, it is possible to make some sort of computation, espe- 
cially when a building is directly exposed to wind pressure, by com- 
puting the moment of the wind pressure. For example, if a building 
is 100 feet long and 50 feet high, and is subjected to a wind pressure 
of 30 pounds per square foot, the total wind pressure will be 50 X 100 
X 30 = 15(),0()() pounds. Considering the center of pressure as 
applied at half the height, this would give a moment about the base 
of the buikling, of 150,000 X 25 - 3,750,000 foot-pounds = 45,000,- 
000 inch-pounds. If this 100-foot building had eight lines of colunms 
with a pair of brackets on each line, and was four stories high, there 
woukl be ()4 such brackets to resist wind pressure. Each bracket 
would therefore be recjuired to resist ^^4 of 45,000,000 inch-pounds, 
or about 7()0,()()0 inch-j)oun(Is. We shall assume that the bracket 
will have a depth of 25 inches, from the intersection of the center lines 
of the colunm and the beaui to the steel near the face of the bracket. 
Then, since each bracket must withstand a moment of 700,000 inch- 
pijunds, the i^iTQss in the steel will be 700,000 -i- 25 = 28,000 pounds. 
If the actual stress in the steel is 15,000 pounds per square inch, this 
would recjuire 1.S7 s(|uare inches of steel, which would be more than 
suppli(Hl by four J-inch sfjuare bars. If these bnukets were 12 inches 
wide and 25 inches deep, the area of concrete is 3(K) square inches, 
which is 1()0 times the area of the steel. There is, then^fon*, an ample 
amount of concrete to withstand compression, on the part of those 
brackets which are subject to compression rather than tension. It is 
probable that the above calculation is excessive on the side of safety, 
since it is cjuite improbable that such a broad area would ever be 
subject to a pressure of 30 pounds perstjuare foot over the whole arc»a. 
The method of calculation also ignores the fact that the monolithic 
character of a reinforced concrete structure furnishes a verv consider- 
able resistance at the junction of cohnnns and girders, and that they 
shoukl not by any means Ikj considered as if they were **pm-con- 
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nected" structures, wliich would re'quire that the whole of the lateral 
stiffening should he supplicnl by these brackets. Nevertheless these 
brackets must be designed acconling to some such method. 

COLUMNS 

Methods of Reinforcement. The laws of mechanics, as well as 
ex jK*ri mental testing on full-sized columns of various stnictural 
materials, show that vcrj' short columns, or even those whose length 
is ten times their smallest diameter, will fail by crushing or shearing 
of the material. If the columns are vcrv loufj, siiv twentv or more 
times their smallest diameter, they will probably fail by bending, 
which will prcnluce an actual tension on the convex side of the column. 
The line of division between long and short colunms is practically 
verj- uncertain, owing to the fact that the center line of pressure of a 
colunm is frecjuently more or less eccentric because of irregularity 
of the bearing surface at top or bottom. Such an eccentric action 
will cause buckling of the column even when its length is not very 
great. On this account, it is always wise (especially for long columns) 
to place reinforcing bars within the column. The reinforcing bars 
consist of longitudinal bars (usually four, and sometimes more with 
the larger colunms), and bands of small l)ars spaced about 12 or 18 
inches aj)art vertically, which bind together the longitudinal bars, 
'^riie longitudinal bars are used for tlie pur])ose of providing the 
necessitry transverse strength to prevent buckling of the column. 
As it is practically impossible to develop a satisfactory theory on 
which to compute the re(|uired ttMisional strength in the convex side 
of a colunm of given length, without making assumptions which are 
themselves of doubtful accuracv, no exact rules for the sizes of the 
longitudinal bars in a colunm will l)e given. The bars ordinarily 
used vary from \ inch square to 1 inch s(|uare; and the number is 
usually four, unless the cohunn is very large (400 square inches or 
larger) or is rectangular rather than scjuare. It has been claimed by 
many, that loiif^itudinal bars in a colunm nuiv actuallv be a source of 
danger, since the buckling of the bars outward may tend to disinte- 
grate the colunm. This buckling can l)c avoided, and the bars made 
mutually s(*lf-supj)orting, by means of (he bands which are placed 
around the colunm. Tli(\s(' bars are usually {-inch or J-inch round 
or scjuare bars. The specifications of the Prussian Public Works 
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for 1904 require that these horizontal bars shall l^e spaeetl a distance 
not more than 30 times their diameter, which would Ix^ 7i inches for 
J-inch bars, and 1 1 J inches for ^-inch bars. The bands in the column 
are likewise useful to resist the bursting tendency of the column, 
especially when it is short. They will also reinforce the column 
against the tendency to shear, which is the method bv which failure 
usually takes place. The angle between this plane of rupture and a 
plane perjjendicular to the Hue of stress, is stated to be 00°. If, 
therefore, the bands are placed at a distance apart ecpial to the 
smallest diameter of the column, any probable plane of rupture will 
intersect one of the bands, even if the angle of rupture is somewhat 
smaller than ()0°. 

The unit working pressure permissible in concrete columns is 
usually computcnl at from 350 to 500 pounds per scjuare inch. The 
ultimate compression for transverse stresses for 1 : 3 : concrete has 
been taken at 2,000 pounds per s(|uare inch. With a factor of 4, 
this gives a working pressure of 500 pounds per scjuare inch; but the 
ultimate stress in a column of plain concrete is generally less than 
2,000 pounds per square inch. Tests of a large numl)er of 12 by 12- 
inch plain concrete columns showed an ultimate compressive strength 
of approximately 1,000 pounds per scjuare inch; but such columns 
generally begin to fail by the development of longitudinal cracks. 
These would be largely prevented by the use of lateral reinforcement 
or bands. Therefore the use of 500 pounds per square inch, as a 
working stress for columns which are properly reinforccnl, may be 
considered justifiable although not conservative. 

Design of Columns. It may be demonstrated by theoretical 

mechanics, that if a load is jointly supportcnl by two kinds of material 

with dissimilar elasticities, the proportion of the loading borne by 

each will be in a ratio depending on their relative areas and moduli 

of elasticity. The formula for this may be developeil as follows: 

C = Totiil unit compression upon concrete and steel in pounds per 
square inch = Total load divided by the combined area of the con- 
■ Crete and the steel; 
c = Unit compression in the concrete, in pounds per square inch; 
,s = I'nit compression in the steel, in pounds per square inch; 
p = Ratio of area of steel to total area of column; 

r =. ^"— = Hatio of the moduli of elasticity; 

€, --= Deformation per unit of length mi the steel; 
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ec = Deformation per unit of length in the concrete; 
.Is = Area of steel; 
.Ic = Area of c;>ncrete. 

The total coinprrssivc* force in the concrete* = A,. X c; and that 
hi the steel -- A, X .v. 

The sum of th(\se compressions = the total compression; and 
therefore, 

r' (A, j A, ) - .1, r + A, s. 

The actual lineal con)])rcssi()n of the concrete^ that of the steel; 
therefore, 

r s 

/' ^ /•' ' 

From this e(juatioii, since r ^ .; , we may write the e(iuation rr = s. 
Solving the above ((|uation for (\ \w obtiJn: 

, _ Ac r + A „ .s- 
^ " .1. -r .1, • 

Substituthig the value of .v = r(\ we have: 

, _ ^ .1 -^ A. r A .1 . 1 , - .U -f jUjr 

If p ^ the ratio of cross-section of steel to the iofal cross-section of the 
column, we have: 

^'^A., A.' 
Substituting this value of 4 , t in the above equation, we may 
write: 

r ^ r(\ - /, + pr). 

Solving this ecjuation for /), we obtain : 

''-.u-n 06) 

Example 1. A column is designed to carrj' a load of 100,000 
pounds, if the cohunn is made IS inches square, and the load per 
s(|uare inch to be carried by the concrete is limited to 400 pounds, 
what must be the percentage of the steel, and how much steel w'ould be 
re(|uircd? 

Answer. A column IN inches scjuarc has an area of 324 scjuare 
inches. Dividing 1()(),0(K) by 324, we have 494 pounds per scjuare 
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% 

inch as the total unit compression upon the concrete and the steel, 
which is C in the above fonnula. Assume that the concrete is 1 :3:6 
concrete, and that the ratio of the moduli of elasticity (r) is therefore 
12. Substituting these values in Equation 16, we have: 

494 -400 • 
^' ~ 400 (12 - I) "^ ' 

Multiplying this ratio by the total area of the column, 324 square 
inches, we have G.93 square inches of steel required in the column. 
This would very nearly be provided by four bars 1 } inches square. 
P^our round bars 1 V inches in diameter would give an excess in an a. 
Either solution would be amply safe under the circumstances, pro- 
vided the column was properly reinforced with bands. 

Example 2. A column 10 in.ckes s(|uare is subjected to a lead 
of 115,000 pounds, and is reinforced by four |-inch square bars beside 
the bands. What is the actual compressive stress in the concrete per 
square inch? 

Answer, Dividing the total stress (115,000) by the area (250), 

we have the combined unit stress C = 449 pounds per s(juare inch. 

By inverting one of the equation.s above, we can write 

V 

^ ~ 1 - /; f r /> 

In the above case, the four i-inch bars have an area of 3.00 scjuare 
inches; and therefore, 

Substituting these values in the above ecjuation, we may write: 

' = 1 ^.ovrl tor.' X i-j) ^ ij':i'2 ^ "^•'' ■' '""''* "^' '^''""'' ""■•'• 

The net area of the concrete in the above problem is 252.94 square 
inches. Multiplying this by 397, we have the total load carried by 
the concrete, which is 100,117 pounds. Subtracting this from 
115,000 pounds, the total load, we have 14,SS5 poun.ds as the com- 
pressive stress carried by the steel. Dividing this by 3.00, the area 
of the steel, we have 4,804 poun.ds as the unit compressive stress in the 
steel. This is practically twelve times the unit compression in the 
concrete, which is an illustration of the fact that if the compression 
is shared by the two materials in the ratio of their moduli of elasticity, , 
the unit stresses in the materials will be in the same ratio. This ui it 
stress in the steel is about one-third of the working stress which may 
propx?rly be placed on the steel. It shows that we cannot economically 
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use the steel in order to reduce the area of the concrete, and that the 
only object in using steel hi the columns is hi onler to protect the 
columns against bucklhig, and also to increase their strength by the 
use of bands. 

It sometimes hapjx^ns that in a building designed to be struc- 
turally of reinforced concrete, the column loads in tlie columns of the 
lower storj' may Ix* so very grc»at that concrete columns of sufficient 
size would take up more space than it is desired to spare for such a 
purpose. For example, it might be requinnl to support a load of 
320,000 pounds on a column 18 inches square. If the concrete 
(1 :3:0) is Hmittnl to a compressive stress of 400 pounds per square 
inch, we may solve for the area of steel recjuired, precisely as was done 
in example 1. We would find that the required jx\rcentage of steel 
was 13.4 per cent, and tliat the required area of the steel was therefore 
43,3 square inches. But such an area of steel could carry the entire 
load of 320,000 pounds without the aid of the concrete, and would 
have a compressive unit stress of only 7,400 pounds. In such a case, 
it would be more economical to design a steel column to carry the 
entire load, and then to surround the column with sufficient concrete 
to fireproof it thoroughly. Shice the stress in the steel and the con- 
crete are divided in proportion to their rehitive moduli of elasticity, 
which is usually about 10 or 12, we cannot develop a working stress 
of, say, 15,000 pounds jxt square inch in the steel, without at the same 
time developing a compressive stress of 1,200 to 1,500 pounds in the 
concrete, which is objectionably high as a working stress. 

Effect of Eccentric Loadings of Columns. It is well known that 
if a load on a column is eccentric, its strength is considerably less than 
when the resultant line of pressure passes through the axis of the 
column. The theoretical demonstration of the amount of this eccen- 
tricity depends on assumptions which may or may not be found in 
practice. The following formula is given without proof or demonstra- 
tion, in Taylor & Tliompsoirs Treatise on Concrete: 

Let e = I'iCcentricit v <»f load; 
b = Breadth of coliuim; 
/ = Avcnige unit ])ressiire; 

f'^ Total unit i)ressiire of outer liln'r nearest to line of vertical 
pressurt\ 

Then, 

/' = /o + t)- («7) 
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As an illustration of this formula, if tlie eccentricity on a 12-inch 
column were 2 indies, we would have b = 12, and c = 2. Sub- 
stituting these values in Equation 17, we would have /' = 2/, which 
means that the maximum pressure would equal twice the average 
pressure. In the extreme case, where the line of pressure came to 
the outside of the column, or when c = J i, we would have that the 
maximum pressure on the edge of the column would equal four times 
the average pressure. 

Any refinements in sueh a calculation, however, arc frecjiiently 
overshadowed by the uncertiiinly of the actual location of the center 
of pressure. A column which supports two equally loatied beams 
on each side, is probably loaded more symmetrically tlian a column 
which supports merely llio end of a beam on one side of it. The 
best that can be done is arbitrarily to lower the unit stress on a column 
which is probably loadctl somewhat eccentrically. 

STRENGTH OF TEE-BEAMS 

\\Tien concrete beams are laid in conjunction with overlying 
floor-slabs, the concrete for both the l)eanis and the slabs lieing laid 
in one operation, the .strength of such beams is very much gre'ater 
than their strength considered merely as plain beams, even though we 
compute the depth of the l>eams to be.equal to the total depth from 
the bottom of tlie Ix^ani to the top of 
the slab. An explanation of this 
added strength may be made as fol- 
lows: 

If we were to construct a verj' 
wide beam with a cro.ss-scction such 
as is illustrated in Fig. 53, there is 
no hesitation about calculating such 
.strength as that of a plain beam 
whose width is b, and whose effcc- 
li\'e depth to the reinforcement is d. Fig. 53, Tee-ceam lu fro8s.secUon. 
Our previous study in plain beams 

has shown us that the steel in the bottom of the beam takes care of 
practically all the tension ; that the neutral axis of the beam is 
somewhat above the wnter of its height; that the only work of tlie 
concrete below the neutral axis is to transfer the stress in the steel to 
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the concrete in the top of the beam; and that even in this work it 
must he assisted somewhat by stirrups or by bending up the steel bars. 
If, therefore, we cut out from the lower comers of the beam two 
rectangles, as shown by the unshaded areas, we are saving a very 
large part of the concrete, with ver)' little loss in the strengtk of the 
beam, provided we can fulfil certain conditions. The steel, instead 
of being distributed uniformly throughout the bottom of the wide 
beam, is concentrated into the comparatively narrow portion which 
we shall hereafter call the rib of the beam. The concentrated tension 
in the bottom of this rib must be transferred to the compression area 
at the top of the beam. We must also design the beam so that the 
shearing stresses in the plane {mti) immediately Inflow the slab shall 
not exceed the allowable shearing stress in the concrete. We must 

also provide that failure 







i shall not occur on account 
,• ] - I of shearini' in the vertical 

planes (m r and n s) be- 
tween the sides of tlie beam 
and the flanges. In com- 

Flg. 54. (JrapMical Rei)rcsentati()n()f DlniinutiDU x* xu • • 

lnniU'nsliyofl>ressur.>iuFlange. PUtHlg the COUiprCSSlOn m 

the fibers in the upper part 
of the simple beam, it is assumed that all fibers at the same 
distance above the neutral axis are stressed equally. The same 
assumption is sometimes made when developing the formula for 
tee-beams. Such an assumption is substiintially true in the case of 
the simple beam, but is practically untrue (and perhaps dangerously 
so) in the case of tee-beams with wide flanges. The maximum com- 
pression is evidently found immediately above the rib of the beam, 
while the compressive stress probably diminishes on each side of the 
rib. Fig. 54 gives a graphical representation of the dimh.ution in 
intensity of pressure in the flange. When the distance between 
adjacent beams is comparatively great, there is probably* (and in 
fact usually) a considerable portion of the slab between consecutive 
beams which is practically unaffected by the compression required 
for the top of each tee-beam. Since this compression is concentrated 
above the rib of each tee-beam, the work must be so designed that the 
maximum pressure (instead of the average pressure) does not exceed 
the safe working value. 
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Let us consider a tee-beam such as is illustrated in Fig. 55. If 
we were to insert an excessively large amount of steel in the lower 
part of the rib, we could probably develop a compression in the flange 
which would require a very wide flange. But the beam would prob- 
ably fail by shearing along the horizontal plane immediately under 
the flange. In order to have the most economical design, w^hich 
means that the beam shall be equally strong in every respect, or, in 
other words, that it shall be equally liable to failure in several ways 
when loaded to its ultimate load, we must obtain a relation between 
the total compression in the flange and the required shearing strength 
in the rib immediately under the flange. In the lower part of Fig. 
55, is represented one-half of the length of the flange, which is con- 
sidered to have been separated from the rib. Following the usual 
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Fig. 55. Tee-Beam. 

method of considering this as a free body in space, acted on by 
external forces and by such internal forces as are necessary to produce 
equilibrium, we find that it is acted on at the left end by the abutment 
reaction, which is a vertical force, and also by a vertical load on top. 
We may consider P' to represent the summation of all compressive 
forces acting on the flange at the center of the beam. In order to 
produce equilibrium there must be a shearing force acting on the under- 
side of the flange. We represent this force by 5^. Since these two 
forces are the only horizontal forces, or forces with horizontal com- 
ponents, which are acting on this free body in space, P' must equal Sy,. 
Ijet us consider z to represent the ultimate shearing force per unit of 
area. W^e know from the laws of mechanics, that, with a uniformly 
distributed load on the beam, the shearing force is maximum at the 
ends of the beam, and diminishes uniformly towards the center, where 
it is zero. Therefore the average value of the unit shear for the half- 
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length of the beam, must equal J 2. As before, we represent the 
width of the rib by b. For convenience in future computationSy 
we shall consider L to represent the length of the beam measured in 
feci. All other dimensions are measured in inches. Therefore the 
total shearing force along the lower side of the flange, will be: 



izXbXiLX\2 = 3bzL 



.(18) 



There is also a possibility that a beam may fail in case the flange 
(or the slab) is too thin; but the slab is ahyays reinforced by bars 
which are transverse to the beam, and the shib will be placed on both 
sides of the beam, giving two shearing surfaces. Beams supportmg 
a slab on only one side, should be computed as plain beams. There- 
fore, if we adopt the rule that the thickness of the slab should be at 
least one-half the widdi of the rib, or perhaps permitting the reduction 
to one-third of the width of the rib on account of the reinforcement 
which will tend to prevent shearing, we need not pay any further 
attention to the tendency to shear in vertical planes along the rib. 
Expressing the above condition algebraically, we should say: 



^ > i 6, or6 <3 /. 



(19) 
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The summation (P') of the horizontal forces in the flange of the 

beam, is computed as follows: 

It is assumed that the diuiinutioii of pressure from the upper 

fibers downward follows the usual law as already developed for simple 

beams. It is also assumed that 
the pressure on the fibers in any 
horizontal plane through the 
flange will also vary as the ordi- 
nates of a parabola. This is 
practically the equivalent of say- 
ing that the total pressure on the 
rectangle mnvs (see Fig. 56) is 
two-thirds of what it would be if 
vinvs were part of a simple 
beam, with width // and effective 
depth (I. We shall first compute 

the total pressure on the rectangle /ri 7? op, calling it two-thirds oi the 

pressure on mnop, if it be a simple beam, and then subtract from it 
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the pressure on vsop, computed on the same basis. We may apply 
Equation 5 directly for the rectangle mnop, and say that: 

o 7 
Pressure on mno p= !^- X ^ X c' ^' j/i. 

For vsop we must apply Equation 4, since, for the fibers in the plane 

2 I) s 2 If 

vs,q is not i, but is .. — - ■= «" * ' • Substituting this value of a in 
^ 3 pn 3 //j ^ ^ 

Equation 4, we have : 

The pressure (P'') on the rib between the flange and the neutral axis, 

is computed on the biusis that the pressure on all fibers in any one 

horizontal plane is uniform (as in the case of simple beams), but that 

2 V 
q is the same as above,— --. Applying Equation 4, we have: 

•^ y 1 

It has iilrt^ady been shown in a previous section, that the allow- 
able unit intensity of the shear, even for ultimate loads, ecjuals 



c' 



^ 6.1)2S • 
Substituting this value in Kfjuation 18, we have: 

For grt»ater convenience in numerical calculation, and especially 
in view of the unctTtainty of the value and the exc^essive margin 
allowed, this ratio is placc<l at the round value: 

/- - ^ 6 -' L . 
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aliic iiiniil til tlir viitiic uf P' ill Ktjuutiou 

hi. 

-;(-^:;:);-r 

"■ (22) 

When llu- iieiilriil ii\i-^ is ;.t <ir m-i\v tlic Imitoiii of the shib, it Is 
practically cuni-i-t to sny (li;it: 



We may tlieii \>\w 
20, ant! solve for '' 



If the Ijeanis an' very i\vi-\i. jithI the luiitriil Jixis is as far below the 
■slab as the tliiekiics.s of the sla!., such a[i a|)|)r<).\iiiiale value would be 
about iJO per tviit too .small. 

Area of Steel. The re<iiiire<i area of .steel eijiials the tolji! eom- 
pressioii in tlic eoiicrele, ilivideil by .v. Therefure, 

■^-•'':'"-^v:-'-^Vvi:A]-):^ (2^> 



Moment of Scctio:i, 
ofa.siuii>lel«>a;iMle|.r:).ls 




forces /"anil /'", i.s;i 
is no material error i 



iillirnali' iiionierit of the cross-section 

>;i the 'litni-risio!!S of the cross-soctior. 

, This would al^o Ik.- true of 

tre-beiiin.s, c.\ecpt for the 

faet th;it under some con- 

dilioiis the iK'ani might fail 

by .siieariiif; under the 

lliui/e; and the above 

lluKiry proviiles for those 

conditions, by determining 

le pi-essnre (/") as a func- 

• n\ of the length of the 

beam (/,). Tlie determiii- 

atinn of the preci.se ]>oints 

, 1)1' a[)])lieiition of the two 

niplioalrd iiiai!ieinali<al problem. There 

lin.L^lhal /"i^a;J|>lied at (he mi<ldlcof the 
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slab height, and that P" is applied at ^ of the height y^. By taking 
monaents about the center of gravity of the steel, we eliminate the 
steel tension from the equation, and have the equation: 

■ ='!r''-(''-j')^J'('-f.:-);?('--«''-)!(2^) 

Design of Tee-Beams. Although Ecjuations 22, 23, and 24 are 

the only equations which are essential to design tei^-beanis, the work 
is very tedious without the use of tables, since the equations involve 
unknown quantities which must be assumed first, and then tested 
whether the dimensions are nnituallv satisfactory. For anv one grade 
of concrete, Ic has the same value as already figured for simple beams, 
and therefore for a beam of iniy assumed depth (say, d), hd, which in 
these calculations has been abbreviated to y,, becomes known; 
y, = {d — kd), and y.^ ^ iy^ — /). In any given numerical case, 
the tliickness of the slab (/) is first computed on the basis of the floor 
load to be carried between beams spaced at a chosen distance apart. 

We nnist then compute the weight of the live load on the panel 
whose area is the pnxluct of the span cf the beam aiKl the distance 
betr^xen beams. Adding to this an estimate for the dead weight of the 
floor, and nuiltiplyiug the total load by 4, we have the ultimate load 
on one tee-beam. We then make an estimate of the probable required 
depth (d) of the beam. Knowing the Cjuality of the concrete, we 
know the ratio /*, which determines the position of the neutral axis; 
and we may then compute y,, ?/^„ and y^ as exj)laii:ed above. We also 
know the span L and the ultimate comj)ressive strength of the con- 
crete c'. Substitutii:g all of these (juantities in Ecjuation 24, b is the 
only unknown quantity; and therefore we may solve the ccjuation for 
fe, which is the rerjuircMl width of the beam. Wc must «pply two checks. 
In the first j)lace, /> nnist r.ot be greater than three times the slab 
thickness (/). Also tlu* breadth ?/, as computed from Equation 22, 
must not Ik» greater than the distance* betwc(Mi consecutive tee-beams. 

Even thougli these two checks are satisfactory-, it is (|uite possible 
that a recalculation should be made for a beam cf greater or less 
depth, in order that tlu» breadth /; shall bear a more satisfactory pro- 
portion to the depth d. Of course, an increase in the depth d will 
rcsult in a decrease* in the computed width /;, and vice versa. 
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I favinj^ siitisf:utc)rily scltUnl on the depth d and the corresponding 
width h, we ean deteniiiiie tlie area of the steel from Equation 23. 
All of the quantities on the ri^ht-hand side of Equation 23 are known, 
and the an^a may therefore be eoniputed directly. As in the case of 
simple beams, th(* bars should Ih» iKMit upward at an angle of 45% 
as illustrated in ¥\<^. 45. It will add eonsiderably to the shearing 
stRMigth hi the horizontal j)la: e immediately underneath the slab, 
if the bars whieh art^ bent upward hyv allowed to penetrate the slab, 
and are then bent so as to run horizontallv for the remainder of their 
length within the slab. Of e()urs(^ this will occur only near the ends 
of the beams, where the shear immediately under the slab has its 
maximum value. 

X inner ical Kxamplr. T.et us assume that a flooring for a build- 
ing 20 feet wide is to be made of a 1 :\\'A\ eonerete floor-slab supported 
by concrete beams spaced N feet apart from center to center. We 
shall assume that the floor is to carry a live load of 150 pounds per 
stjuare foot. An experienced man will know that a 5-inch slab will 
probably answer tlie purpos(\ and tliat tliis slab will ^weigh about 12 
pounds per s(|uare foot per inch of tliiekn(\ss of the slab, or about 60 
pounds piT s(|uare foot. In this ease, we shall obtam the ultimate 
loading by adopting the frecjuent practice of nniltiplying our live 
load (150) by 4, and our dead load (OO) by 2, this giving 720 pounds 
per s(|uare foot ultimate load. With a span of 8 feet, and on a strip 
1 foot wide, we have a total ultimate load of 720 X 8 = 5,700 pounds. 
We therefore have, for the ultimate moment: 

,. ll'o / -,.700 X IMi . 

J/o ^ -- ^ ^ 09.1 JO inch-pouiuls. 

Using Equation 13, which is applicable in this ease, we have: 

.Si)7/,</2 ^ 09.rJ(); 

hd^ --=171 

But 6=12 inches; therefore dr = 14.5, and d = 3.S inches. 
Therefore a 5-inch slab, with the bars 1 inch from the bottom, has a 
slight excess of tliickness. The recjuinMl area of steel equals .0084 
hd= .0084 X 12 X 3.8 - .383 squn re inches per foot of width. 

This equal > .032 scjuare inch per inch, whieh will require i-inch 
bars, to be spaced 8 inches. The student should compare these 
results with those which mav be derived directlv from Table XI, 
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We have figured an ultimate load of 720 pounds per square foot 

for the floor-slab. In figuring the ultimate load for the tee-beam, 

we must add something for the dead weight of the beam itself. Of 

course this depends on the size of the beam, which is still an unknown 

quantity. It is usually found that the added amount of concrete in 

the beam underneath the slab is the equivalent of an added inch or two 

of thickness over tlie entire area of the slab. At 12 pounds per 

square foot per inch of thickness, this will add 12 or 15 pounds per 

square foot to tlie dead load. jMulliplying tliis by 2 for factor of 

safety, we have, say, 30 pounds additional, and we may therefore say 

that the ultimate load per square foot for the beam shall be considered 

in this case 750 pounds rather than 720. Therefore, on tlie span of 

20 feet, and with 8 feet between the beams, each beam must support 

an ultimate load of 8 X 20 X 750 = 120,000 pounds. Then, 
w I 

Mo - ~ = 120,000 X 240 -^ 8 = 3,600,000 inch-pounds. 

o 

We must substitute this value of M^ in Equation 24, and obtain 
the dimensions of the beam. This can be done only by assuming 
some value for the depth of the beam, and solving for h. We shall 
commence with the assumption that rf = 15 inches. Using 1:3:6 
concrete, k = .395; and kd therefore equals in this case 5.92 inches. 
This gives us the value y^ = 5.92; and since y^ + 1/2 ^ ^> ^^^^^ 2/2 ^ 
9.08; y^ = y,-f = 5.92 - 5.00 = 0.92; c' = 2,000; i, which is the span 
in feet, = 20. This determines all the quantities in Equation 24 except 
the value 6. Substituting these quantities in Equation 24, we have: 

6 j ^ X 2,000 X 20 (-15 - 2.5) -f | X 2,000 X (l - ^ ^^^'J ^^ (9.O8 + 
.6 X .92) I - 3,600,000 ; 

b j 222,222 +1,500 ( 1 - .034) .143 X 9.63 j- = 3,0.00.000 ; 

b (222,222 + 1.992) = 3,600,000 ; 

. 3,600,000 ,ri^' X 

^" i24;214 = ^^>Oin^l^e«- 

But. this trial value of /; is greater than three times the thickness of 
the slab. It is also greater than the depth of the slab to the rein- 
forcement, which shows that it is not an economical design, even if it 
fulfilled the other condition. We must therefore use a deeper beam. 
We shall accordingly make another trial with d = 17 inches. The 
student should work this out in detail, the calculation being very 
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similar to that given above; and it will be found that h then = 13.6 
inches. This being a suitable width for d = 17 inches — or a total 
depth of, say, 19 inches, or 14 inches under the slab — this combination 
of breadth and depth will be accepted. 

The required area of the steel can now readily be found by a 
direct application of Equation 23, since all the symbols on the right- 
hand side of the equation have now become knowTi quantities. Mak- 
ing these substitutions, which the student should work out in detail, 
we find that the required area equals 4.55 square inches. This can 
be furnished by six |-inch square rods (area 4.59 square inches) or 
by eight J-inch square rods (area 4.50 square inches). Probably 
the eight J-inch rods w^ould be the better choice, in spite of the slight 
deficiency in area, since it gives a better distribution of the metal, 
and furnishes a greater number of bars which may be turned up near 
the ends of the beam. 

The student should work out still another combination of values 
for the above case, on the basis that d = 19 inches. He should find 
in this case that b will be 11.6 inches, but that the amount of steel 
required will be only 4.00 square inches. Although the amount of 
concrete will be very nearly the same in these last two solutions, the 
last method requires less steel, and is therefore more economical. 

Shear. The theoretical computation of the shear of a tee-beam 
is a very complicated problem. Fortunately it is unnecessaiy to 
attempt to solve it exactly. The shearing resistance is certainly far 
greater in the case of a tee-beam than in the case of a plain beam of 
tlie same width and total depth and loaded with the same total load. 
Therefore, if the shearing strength is sufficient, according to tjie rule, 
for a plain beam, it is certainly sufficient for the tee-beam. In the 
above numerical case, the total uliimaie load on the beam is 120,000 
pounds. Therefore the maximum shear (l^) at the end of the beam, 
is 00,000 pounds. With this grade of concrete, d — x = ,86 d. For 
this beam, d = 17 inches, and b = 13.6 inches. Substituting these 
values in Equation 15, we have: 

V 60,000 ono ^ • u 

r == , — n= -^-- ^^- -^^ = 302 pounds per square men. 

b {d -X) 13.6 X .86 X 17 ^ * ^ 

Although this is probably a very safe ultimate stress for direct shearing, 
it is 50 per cent in excess of the allowable direct ultimate tension due 
to the diagonal stresses; and therefore ample reinforcement must be 
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provided.. If only two of the |-inch bars are turned at an angle of 
45° at the end, these two bars will have an area of 1.12 square inches, 
and will have an ultimate tensile strength (at the elastic limit of 
55,000 pounds) of 61, GOO pounds. This is more than the ultimate 
totiil vertical shear at the ends of the beam; and we may therefore 
consider that the beam is protected against this form of failure. 

Tables for Computation of Tee-Beams. The above computation 
has purposely been worked out in detail in onler thoroughly to explain 
every feature of the solution. If it were necessar}' to adopt identically 
the same method for the design of every tee-beam, the work would be 
very tedious. Fortunately the work may be very greatly simplified 
by solving Equations 22, 23, and 24 for some one grade of concrete 
and for various depths of beams. Such tables are illustrated in 
Tables XI to XIV inclusive. They are all worked out on the 
basis of the use of 1:3:6 concrete. Their use may be illustrated as 
follows : 

iVssume that a flooring having a span of 18 feet is to be supported 
by a 4-inch slab and by tee-beams spaced 6 feet apart, the working 
load being 150 pounds per square foot. 

We shall compute, as before, tin ultimate floor loading of 725 
pounds per square foot, and the ultimate moment on one panel to be 
supported by one tee-beam of 2,349,000 inch-pounds. As a trial, we 
shall assume d = 14 as the proper depth. In Table XI, opposite 
d = 14, we find ultimate moment = b • (5,596 + 10,667 L). Mul- 
tiplying 10,667 by 20, and adding 5,596, we have 218,936. Dividing 
this into 2,349,000, we have lOJ inches as the required width 6. 
This being a proper proportion, it may Ik? adopted. Substituting 
this value of b in the expression on the same line for **area of steel,'* 
we have : 

Area of steel - 10.75 (.01 OS + .0162 X 20) = 3.00 square inches of 
Fleel 

As a check, 6' = ,227 b I = .227 X 10.75 X 20 = 48.8 inches. But, 
since the beams aYe spaced 6 feet (or 72 inches) apart, there is ample 
width of slab between each beam. The ultimate shear at the end of 
the beam" is 39,150 pounds. Applying Equation 15, we have in this 
case (d — x) = .86 rf = 12.04 inches. Then, 

39.150 ono 1 1 

*' "" T6^5~X"12~04 " pounds per square inch. 
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We may consider this as the diagonal tension in the end of the beam, 
which shows that it must bo amply reinforced either by stirrups or 
by some of the reinforcing bars being bent up diagonally at the ends. 
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STEAM BOILERS AND CONNECTIONS 

Small Cast-Iron Boilers. For small low-pressure steam heating 
j()l)S, l)oilers miule up of verj- few secticins are use<l. Two types are 
illustnited in Figs. 1 and 
2. Tlie ratings of such 
Iwilcra range, us a nilc, 
fnmi alMHit 200 square 
feet to K(X) square feet. 
These figures ami those 
following are inlen<!e.l 
to give merely a general 
idea of the cai)acitiis of 
ixiilers of various types. 
Tiiore is no har<l and fast 
rule governing the nuit- 
ter, mamifacfurers vary- 
ing greatly in their prac- 
tice. The ratings nien- 
tioncil are given hi the 
number of s(|uare feet of 
direct radiation the boiler 
is rated to supply, with 
.steam at from 'i to ■') 
[wunds' pressure when 
the radiators are sur- 
rounded by air at 70° F. 

Boilers similar, in a 
jreneral way, to llie one 
illu.strate<] in Fig. 3 are 

■ , . , I . Fig. I. SiQiiU Lowl'riissuri: StiMiu IlfatlLj- Iliiller, 

used for jiios somewhat 

lui^r than the Ixjilers above descril>ed would be adaptetl to. Thejse 
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boilers liave prates riiiij^iiig generally from 18 inclies to 36 inches 
diameter, ami are niteil frttm iilMUit 3()0 sejuare feet to 1,600 square 
feet, or more. 

Tlie lx)ilcrs above «lescril>e<l have the disadvantage of not being 
capable of having tlieir grate surface increased by adding sections, as 
may readily be d(inc with lM>ilcrs having vertical sections. 

Cast-Iron Boilers with Vertical Sections. Itiiilers for jobs having 




iVct of .siirfaee, or more, are made 
ciirnicclcd eitlier by .slip nipples or 
ews and !o< k-nut.s. 
\cry many sh[>-inpi>le Imilers are now being niannfactnred, find- 
ing favor with fitters owing to the i-asc with which they can be erected. 



anywhere from .'>l)(l (o ."i.lHII) stjn; 
u[)of vertical ■■scclidiis, as in Fig. 
by dnim.saiul iiijipii's witli loii;^ 
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The larger sizes of vertical sectional boilers are often made up of 
two sets of sections placed opposite each other, as shown in Fig. 5. 
Such boilers are rated up to 6,000 square feet and over. 

Arrangement of Crates. Certain makers, in onier to avoid mak- 
ing patterns for a l)oiler 
with a wide grate, secure 
the necessarj- grate sur- 
face by adding to the 
1 e n g t !i. For ordinary 
low-pres.surc heating, the 
efficiency of any grate 
over ti feet in length 
falls off very rapidly, 
owing to the difficuhy of 
properly caring for the 
fire. Six feet should be 
considered about the 
limit for the length of a 
grate in a low-pressure 
boiler. 

Xot long ago few 
portable boilers with 
grates wider than 31) 
inches were manufac- 
tured. Now, Ixnlerswith 
42-inch, 48-incli, and 
even wider grates, are 
common. 

Selection of Boilers. 
It is well in .selecting a 
boiler, to see that the 
proportion of heating 
snrfa<« to grate surface 
is not less than 10 to 1, 
and in large Ijoilers not Fi-.s. swam H«aiijis BoUer. 

less than 20 to 1; that the fire-lnix is deep, so that ample coal may 
be put on ti' burn through the night; that the grate is not too long 
for convenient firing and cleaning; that there is ample steam space; 
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and that the water line is not Itroken into t(KJ many sniiill areas involv- 
ing the likehhooil tliat water will U- lifted Iw rapid evajx>ration and 
wet steam result. See to it, also, that the iish-pit is <iee]), and that 
the {jrate is of a design that will |>erniit convenient operation of the 
boiler. 

On large jolis, it is ItetUT, as a rnle, to use two lioilers. One 
must renieinl)cr that a |>lant must Ih' designed for the eoldest weather; 
and since the average 
lenipeniture during the 
ting .sea.son is, in 
many Northern sections, 
not far from 40°, one of 
a pair of boilers will be 
sufheitnt under average 
conili t ions to do the 
work with economy; 
wlieN'as a .single, large 
ixiiler, during a good 
part iif the heating .sea- 
son, woulil have to l>e 
run will) drafts checked 
aiul under very unfavor- 
able conditions as to 
eciinomy. It i.s almost 
as poor economy to have 
too liirgi^ a l>oiler as to 
have <ine too small, for, 
closclv checked, incom- 




if run with llie fwl-iloor open or 
plete cfinibustidn takes place. 

Boilers for Soft Cual. Sonic Ix 
arranged willi a perfoniteii ]>ipe ur di; 
the fire ti) [nakc the combuslion nun-e 
amount of smoke given olf. 'I'liis urn 
ful utility, since i) is .lifiicult to Ileal t 
its admission. 

It is iieeessan-, for soft cojil lioilei 
lie larger than for lianl coal heaters, i 
rapid accunudation of .soot. Soft co 



lers h>r Inirning soft coal are 
I di>cliargiiig heated air above 
'oniple(e and thus diminisi] the 
igciuent is of somewhat doubt- 
e iiir projHTly, and to regulate 

, (hilt the flues and smoke-pipe 
onier to provide for the more 
I boilers are also built on the 






■'«. 
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down-draft principle, tlic air l)eing drawti down through the fire in- 
stead of passing upward iti t)ie tisual manner. 

Coke Boilers. Coke is ti popular fuel in some parts of the coun- 




try; and certain makers ire puttmg mil speci ilh dc i^ned hoilers 
foi" this servii'e, having i \pn dtep hre hii\ 

Boiler Setting and Foundations. Brick setting of boilers, as 




in the case of furnaces, has iiecn (|uite generally discank-il, except 
in rases where the space around and above the Ijoiler is use<l as a cen- 
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tral heating chaml)er for indirect systems, the radiators being placed 

above the heater (see Fig. 0). The pipes lead off as in furnace heating. 

The ash-pits under most boilers are rather shallow; therefore 




Fig. 7. Pit for Collocti<ju of Hot Ashes. 

it is a good plan to excavate and build a pit not less than 4 to G inches 
Wow the floor, to give additional space for the collection of hot ashes, 
thus avoiding the burning-out of grates. Such pits should be built 

preferably of brick, and the 
l)ottom should be paved with 
l)ricks on edge, to prevent 
their being easily dislodged. 
Fig. 7 shows the general ar- 
rangement of an ash-pit built 
as described. 

Boiler Connections. Small 
jobs fretpiently have no stop 
valves at the lK)iler. In the 
case of larger ones, or where 
there are two boilers, valves 
in the supply mains must al- 
ways be accompanied with 
check valves in the returns; 
otherwise, in case a stop valve 
in the main steam line is 
closed, the water will be 
backed out of the main returns 
at the boiler, by the pressure. Sliould the water partially leave the 
boiler in this manner and then suddenly return, the water coming in 
contact with the heated sections will crack them. 

A stop valve should be placed between the boiler and the check 
valve in the return. A typical arrangement of return, etc., is shown 




^^ — ■ Check Val\^9 
^f^in rcfum in duct 

Fig. 8. Typical Arrau^fiiU'ni ot Kctiirn, 
Showlug Chuck Valve. 
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in Fig, S. It is ronvcnient to liave an iiulepomleiit drain connection 
from tlie returns to pr()\iili; for <lrawin{; off tlie water in the system 
without emptyinf; the water from the Ixnlcr. The latter, of course, 
lias its indeiK'n«lent blowMiff' ccH-k. The water supply to the boiler 
should be controlletl by a lock-shield valve or a cock timt cannot be 
tampered with by any jjersftii not in charge. Boilers having eiglit 
sections or more, as a nUe, have two or more steam outlets, thus re- 
ducing the likeiihooti of the boiler primiiif; or making wet steam, since, 
with u single outlet, the velocity of steam llm>Uf:h it may be so great 
that the water is picked up antl carrictl into the piping system. 




tOubTk" HnlltM~i 



\Mien two lioilei-s are to be coniiei-lcd, es[>eeial care must be taken 
to make them niaiutain an even water line when working togetlier. 
Eig. 9 shows a method of making thest- connections that is simple and 
elTcctive. The valvtxl cotmection between the two boilers, l>elow 
the water, gives free communication lietweeii thom, making them work 
as one and preventing a ditference in the water level in the two boilers. 
The equalizing pijH' is often omitted, the header being made about 
twice the diameter of the pipes leading to it from tlie Iwilers. 

The returns are connected with the twin boilers practically us 
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shown in Fi^. S, the check valve l>ein^ placed between the stop valve 
uf each boiler and tlie main return. 

Boiler Fittings or Trimmings. It is important to have a reliable 
safety-valve, preferably one of the **I)op" type specially designed for 
steam heatin»j: svstems. 

The damjHT regulators used are of the ordinarj' diaphragm pat- 
tern, and should be conncctcnl bv chains with both the lower draft door 
below the grate, and with the cold-air check in the smoke connection. 

The steam gauge with siphon, the water column, water gauge, 
gauge cocks, etc., recjuire no special description. 

Capacity of Boilers. Holler capacities are conunonly expressed 
in the number of s(|uare feet of direct radiating surface they w^ill supply 
without undue forcing. Mains and risers should, of course, be added 
to the actual amount of surface in the radiators and coils. Even if 
the pipes are covered, a small allowance should be added to the com- 
bined surface of tlie radiators. Not less than 50 per cent, and pre- 
ferably ()0 per cent, must be added to indirect radiation, to reduce it to 
ecpiivalent direct radiation; and not less than 25 to 30 per cent to di- 
rect-indirect radiation, to get its ctjuivalcnt in direct surface. Another 
point to be kept in mind in selecting a boiler for heating rooms to be 
kept at dittVrcnt temperatures, is that more heat is given off per square 
foot of radiation in a room at 50°, for example, than in a room kept 
at 70°, the amount given oil' l)eing approximately pro[)ortional to the 
diil'crcnce in tcm[)eraturc between the steam and the air. With steam 
at, say, 220°, corresponding to a trifle over 2 pounds* pressure, the 
(lillVrcncc, in the ci.se assumed, would i)c 220°-50° =- 170°, and 220°- 
70° b')()°. That is, the actual amount of radiation in the rooms 
to be kcj)t at 50° should be nmltiplied by { :|[ to ascertain the amount 
of radiation in a 70° room that would give oil' the same amount of heat. 

It is connnon j)racticc to allow roughly for the loss of heat from 
uncovered mains, branches, and risers, by adding about 25 percent to 
the actual direct radiating surface in radiators and coils. 

Example. What should be the ca[)acity of a l)oiler to supply 
steam to 1,000 scjuart' feet of direct radiation in a room to be kept at 
70°, to SOO sijuare feet of indirect radiation; and to 1,500 scpiare feet of 
direct radiation, in rooms to be kept at 50° F.? 
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IMrpct radiation 1 ,000 sq. ft. 

Equivalent in direct radiatit^n of SOO sq. ft. of 

indirect = 800 X 1} = 1,200 " 
E(iuivalent in direct radiation, in rooms at 7(P, of 1,500 S{\. ft. 

in rooms at 50° = iJ X 1,500 -. 1 ,700 '* 

Total efiuival<*nt D. R.S. (direct radiating surface) exposed 

in 70° air - 3,000 sq. ft. 
Add 25 per c<'nt of actual surface to allow approxi- 
mately for ])iping •^- S25 *' " 

Total equivalent I). R. S., or Boiler Hating - 4,725 s«j. ft. 

Grate Surface and Heating Capacity. It is advisable always to 
check the catalogue ratings of boilers as follows, when selecthig one 
for a given .sen'ice : 

Suppose the Direct Iladlating Surface, including piping, is 3,(KK) 
square feet. One square foot, it nia\ be assumed, will give off alK)ut 
250 heat units in one hour — a heat unit being the amount of heat 
nec*essary to raise the temperature of 1 pound of water 1 degree Fahren- 
heit. A pound of coal may safely be counted on to give off to the water 
in the boiler 8,000 heat units. Now, 3,0(K) scj. ft. X.2r)0 heat units 
-T- 8,000 heat units, gives the amount of coal burned per hour; and this, 
divided by the sf|uare feet of grate, gives the rate of combustion per 
square foot per hour. Suppose in this case, the grate has an area of 

, , :)ooo X 2:)() ^. , i , , 

15 sq. ft.; then "j^^.T'vT'i r "^ ^^---^ pounds coal burned per square foot 

of grate surface per hour. This is not a high rat(* for boilers of this 
size, though for ordinary house-heating boilers the rate should not 
exceed 5 pounds; and for small heaters having 2 to 4 square feet of 
grate, the rate should be as low as 3 to 4 pounds per s((uare foot of 
grate per hour. Otherwise, more fretjuent attention will be required 
than it is convenient to give to the operation of such small boilers. 
This is where depth of fire-box plays an important part, for, with a 
shallow fire, the coal (juickly burns through, necessitating frecjuent 
firing. 

Coal Consumption. For house-heating boilers a fair maximum 
rate of combust if)n is 5 pounds per S(|uare foot of grate per hour. In 
many residences it is the custom to bank the fire at night, when the 
rate wnll fall to, say, 1 pound. In cold weather, then, one scpiare f(K)t 
of grate would burn 5 jM)unds of coal for each of 10 hours, and 1 ]K)und 
during each of tke remaining 8 hours, a total of SO + S = 88 pounds. 
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In many sections of tlie country, the average outside temperature dur- 
ing the heating season is about 4(F; and sinw the heat requireil is 
proportional to the difTcR'nee in temperaturc l)et\vc»en indoors and 

outside, the average coal consumption would be only ^^ — ^- - 2 of 

(he maximum in zero weather. 

With a heating stsison of 201) days, the (H)al burne<l on one s(|uare 
foot of grate would be 2(M) X ? X SS - 7,r>()0 pounds in round num- 
Ikts, cor respon< ling t;) an average rate throughout the season of 

7m) pounds 
200dav7x"24T;^ ' ^•Mx>^»"^J-^ "PI>'^>^>n^^tely. 

A methcKl of ap))r()xiniating the coal consumption for a given 
amount of radiating surface, designcMl to maintain a constant tem- 
jKTature in rooms of 7(P <Iay and night, would Ik^ to multiply the 
surface (which, for example, take at 1,(M)() .scpiarc feet, including 
allowance for mains) by 2.')() licat units — the amount given off by a 
square foot j)er hour— and tlicn multiply the product by 5, as explain- 
ed al)ove, to allow for av(Tage conditions. '^Fhis gives 1,000 X 250 
X 7, which, divided by S,0(K) heat units per [)ound of coal, gives the 
weight of coal retjuired per hour; and this, nuiltiplied by the hours 
per season, gives the total consumption. 

Non-Conduct ing Coverings. It is customary to cover cast-iron 
sectional boilers with non-conducting material composed as a rule 
chiefly of asbestos or magnesia ap{)lied in a coating \\ to 2 inches thick, 
the exterior being finished hard and smooth. 

Exposed bascnuMit [>iping in first-class work is (covered with sec- 
tional covering ] inch to 1 inch thick, acrconling to the character of 
die work. 

The loss of heat through fairly good coverings, is not far from 
20 per cent of the loss from a bare pipe, which, with low-pressure 
steam, is approximately 2 heat units per scjuare foot per hour for each 
degree difl'erence in temperature between t lie steam and the surround-. 



in^j: air. 



STEAM RADIATORS AND COILS 



Direct Radiators, '^rhe conunonot forms of radiators to-day 
ure the cast iron vertical loop varieties, types of which are shown 
m Figs. 2 and 1.3 in Part I (Heating antl \'entilation). These are 
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made up with slip-nipple or screw-nipple connections, the standard 
height being about 3(i to 3S inches. 

It IS of course a*i\ I'aible to u-.e radiators of st indard height when 
possible since they are che iper than the lower radiators, which must 




llrl.jw VVlmlow Sill. 

l>e used whLii pUitd bel w window sills (see Fig. 10). Single-cohinin 

radiators ire ni n i lit (tut than tho.se having a greater minil>er ol 

vertical loops nme m the Iitttr the air flow is retanle<l and the 

outer loops (Ut off the rilimt hiat 

from the nuitr ones K idi ilora with 

four ir mort <oluiiins irc gtntrally 

used whtii the Ungth of thi space 

in which the\ nuisl be pi ictd is 

ItDiitcd 

\\ all radi tl< rs ( te 1 ig 4 1' irt 
I. lltatiiig ind \cntilatnn) have 
become \er\ p pulir U uisl of 
their ntdf a] i>t irniie m I tht 
distance the\ projKt into tlit rjoin. 
They are \er\ tlfeituc lit iters uid, 
although more i\|xn nt thm cer- 
tain other t\pts if (. 1st in>n ndia- fikh. c.in.Taiinitaaiutorwiih 
tors less lurfut is n piired whicli l(L^,'lsu■^^a^1■. 

tends to ofTstt the mtrtascd tosl Those radiators are matlc up in 
such a \aritt\ of forms that tliey can Iw.- udaptcil to almost anj 
location 

Concealed Radiators A fa\orite method of concealing radiators 
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lb t pli -e tl n I eldw wimldw-sills, with a grating or register face in 
frt t f ni Ik e tlieiii, as hIiowii in Fig. 1 1. By tliis arrangeiQent, 
tl e ru 1 a 1 1 e t to a great cjitcnt i-iit off. The gratings must have 
an I le rei t j)er iiit the froe <'irculation of air, and should have not 




less than 2 or 2^ siniare itu-hes of free area to each sqdare foot of 
radiating snrfa<-e, fur inlets umi outiel.s respectively. It is advisable 
to increase the.-ie allowances slightly wlien possible. 

The .same nile :ip|)lies to riidiators placed Ih;Iow seats. A radia- 




hont gratings, 



Wall Coils. .\:i ordinary wall coi! or nmnifold coil, made Up 
generally of 1 |-ineh pipe, with branch tees or manifolds, is illustrated 
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in Fig. 30, Part I (Heating and Ventilotion). The long runs of such 
coils rest on hook plates (Fig. 13); the short pipes near the comer, on 
expansion plates (Fig. 14), on which the pipes are free to move when 
the long pi{)es expand. Such coils are very effective when placed 
below the windows of a factory, in which class of buildings they find 
their widest application. 

Miter Coils. Miter coils, as shown in Fig. 15, are used for over- 
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Fig. 15. Miter Colls for Overhead Heating. 

head heating, the coils Iwing suspended alx>ut 8 to 
10 feet from the floor, and 3 to 4 feet fmm the walls. 
A good tj-pe of hanger is shown in Fig. 16. The 
same type of coil, when placed alongside a wall, is 
known in certain sections as a )xarip coil (see Fig. 17), 
and may be used where long runs must be made along a wall, but 
where it is imiK)ssil)le to install the type of coil shown in Fig. 39, 
Part I (Heating and Ventilation), owing to doorways or other ob- 
structions. Two harp coils could be used along a wall, for example, 
avoiding a do<^nvay ; and the expan- 
sion of the pijx\s would be pro- 
vided for by the short vertical lines. 
Return-Bend Coils. Return- 
bend coils, known in some parts of 
the countrv as fromhane coils, are 
shown in Fig. 40, Part I (Heating 
and Ventilation). These are suit- 
able only for rather short runs, since 
the steam must pass through the 
several horizontal pipes successively, 
and, if the radiating surface is greater than the capacity of the upper 
line of pipe to supply it properly, the steam is condensed l>efore reach- 
ing the lower lines. With the harp or other coils having headers or 
branch tees, sufficient steam can enter to fill all the pipes at once, pass- 
ing through the parallel lines at the same time. 




Fig. 16. An Approved Type of 
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Direct-Indirect Radiators. A ilinct-lndirfct radiator is shown 
ill Fin- IS, Tlif iiir onters through a louver- 
iil iir sliiilci! Willi ojieiiiiig with screen. Pro- 
■ to .shut Ihi^ otT and admit air 
liiniiliitiK^iuslv from the room, making the 
iuiiiilf)'" I's.stvijilly iL (lirtTt radiator when the 
riif. Ilw l>est liK-ation for the 
culil-iiir ii|)fiiiiiii i^ proiwililv just below tlie 
sills, llir Willi li>i\L-s U-iri^ It-.ss conspicuous in 

thi-. lH.Mli.lll. 

Twii I'liriii.-i III' iiiiliiwt radiators are 




I Vl^. 7. I';irt I, iin.l I'ii;. :!, IVirt II (Iloatiiif; and Ventila- 
tion), llif .shallow sections lx;ing 
ii.M'il lar^rt'h' for honsc heating, 
t- _^-^ '''*" '''■*'I' '""'^ ^"^ schoolhouae 

I .-.-^^■;>^;;;Z--']^ m-Ii'iu-. Tlic InlUT ar„ |irovided 

'^U - - _ \ with I'xtra l()n<r [lipjile.s for spac- 

M'(tio[i.s ahfuit 4 inches on 
, tn srivc a proper passage 
irirc voliiinc of air. 
hidircct Radiators. The in- 
.■!■! radiators are enclosed in 
vaiii/cii-iron casings about 30 
lu-s lici'p. {liviiifj a spacre of G 
"r ^ in<h<-^ alinvi- and l>elow the 

i,.,|ir,.,., R:,.ll.,„.r, ,,„|i,„„,,, 'I'l,,. 1^,.„„^ o^.„ the 

iirniiiilv n.viTn! willi i-(mj,'Ii Imani.s, lo which tin o"- 
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tin and asbestos is nailed, the casing being flanged at the top and 
screwed or nailed to these boards. 

The casings should be made with comers of a tj'pe that will per- 
mit the ready removal of the sides in ciise 
of repairs being needed; and the bottom 
of the casing should Ik? provided with a 
slide for inspection and cleaning. The 
lar^ er sections, when used for schoolhoUsSe 
heating, are arranged as shown in Fig. 19, 
with a mixing damper designed to cause 
a mingling of the wann and cold air in 
the flue, the volume discharged being but 
sliglitly reduced, with a decrease in tem- 
perature due to opening the damper to 
cold air. The space for the passage of 
air l>etween the shallow sections contain- 
ing about 10 scjuare feet each, is about J 
of a foot; the space between the sections 
of the deep pattern is not far from \ a 
foot when the sections are properly spacer! . 

Heat Given Off by Steam Radiators. 
Of the heat emitted by direct radiators, 
approximately one-half is by radiation, the balance by convection or 
the contact of air. Since practically no heat is radiated from con- 
cealed radiators, it is verj' imj)ortant that proper provision should be 
made for the passage of an adecjuate volume of air over the heatii^g 
surface. 




Coid 
Air 
Chambfih 



.Weight 

Mixing 
Damper 



Fig. 19. Arrangeinent of Cas- 
ings for Use in Connection 
with Indirect Radiators. 



TABLE I 
Heat Units Emitted from Radiators and Coils 

Radiation per square foot of riidiating surface ^ht h«>ur. — In rooms at 70" F. temiK-ra- 

t lire.— With steam at 3 to 5 iK)unds* pressure. 

Type of n.U)iAi\)U IH.at Unit*^ Kmtttkd 

(Approximate) 

CoiicoakKl cast-iron direct radintors 175-200 



Ordinary cast-lroii v(Ttical-s(»cti()ii radiators 

Wall radiators 

Pipe coils on walls 

Pi{x; coils overhead (pipes side by side) 

Ordinary' cjist-iron t;xtcnd<*d-siirfac(^ indirect radiators (air 
admitted from outdoors) 



250 
300 
325 
350 

400 
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Wall radiators and CM)ils give off more heat under the same con- 
ditions than is emitted hv ordinary vertical cast-iron radiators. 

. ^luch might l)e said reganling the efficiency of radiators due'to 
their height, form, and arrangement. For the purj)oses of this course, 
however, only fjur average values will \ye given, as set forth in Table I, 
a discussion of radiator tests, etc., l^eing omitted to avoid unnecessary 
detail. 

STEAM PIPING 

Size of Main for Circuit System. Since tin? main of a circuit 
system, as dcscrilxHl in I'art I (Heating and Ventilati(m), must earn- 
l>oth steam and water of condensation, it should \ye made coasiderably 
larger in pn){K)rtion to the surface supplied than mains which are drip- 
I)ed at intenals or which carry only the condensation fn)m the main 
itself. 

Sizes, ample for circuit mains of ordinary length, are indicated 
in the accompanying table: 

TABLE II 
Sizes of Circuit Mains 

D1.UIETKI1 i>F CiiirrrT Main DjuLfT Radlvting Sukface 

2 inches 200 sq. ft. 

000 " " 

000 *• *' 

1.200 " '* 

1.700 '-' " 

2,1(K) " '* 

'• 3,000 " '• 
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Dry Return System. In many cases it is desirable to run the 
supply and return mains overhead. Such systems contain less water 
than wet return systems, and are therefc^re more susceptible to changes 
in the fire, because of the smaller (juantity of water in the apparatus. 
Th(i return mains must be made larger than when they are placed 
below the water line, since they are filled with steam, except the space 
occupicnl by the return water running along the* bottom. Tlie pipes 
should have a greater pitch than wet returns. 

With dr}* returns, if certain su[)ply risers are of inadecpiate size, 
steam is apt to back up into the r«i<liator through the dn-retunisandto 
cause a holding-back of the water in the rjuliators. To prevent this, 
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check valves are sometimes introduced in the branch returns. If the 

piping is pn)perly proj)ortionetl, however, this is unnecessar)\ Siphon 

drips are frecjuently UvSed, as 

explained in Part I (Heating 

and Ventilation). 

Wet Return Systems. This 

system, illustrated in Fig. 20, 

pn)vides for water sealing all 

returns and drips, and avoids 

the backing-up action men- 
tioned above. Suppose, for 

example, the pressure in one of 

the vertical returns is \ pound 

less tlian in the others; then, 

since a column of water 2.3 

feet high corresponds to 1 

pound pressure, the water will 

back up this particular return 

al>out 1.15 feet higher than in 

the others and thus e(|ualize 

the difference in pressure. Where the mains must be long, the wet 

return system affords the opportunity to rise and drip the supply 

main as often as necessary; whereas, with the drj' return system, 

the main and return have 
a gradual pitch from start 
to finish. This often 
brings the return so low as 
to interfere with head mom. 
W^ith the wet return svstem 
the return may be drop{)ed 
below the floor line at door- 
w-ays without interfering 
with the circulation. The 
sizes of wet returns may be 
made considerably smaller 
than dry returns for a given 




Fig. 20. Wet Return Systom. 
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Fig. 21. Overhead Feed .Sysloin. 

radiating surface, as shown in Table III. 

Overhead Feed System. The overhead feed .system (see Fig. 21) 
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Fit;. 22. Ontli't Taken from IJottoni of Main. 



is most commonly useil in connection with exhaust steam plants, 
since in such systems the exhau.st pipe from the engines must be car- 
ried to the n)of, and the steam supply to the building may conven- 
iently be taken from a tee near the upper end of this pipe. The main 

should l)e pitched down, and 
outlets taken from the lx)ttom, 
to drain the condensation 
through the risers (see Fig. 
22). ^Vith this system the 
water of condensation always 
flows in the same direction as 
the steam; hence the horizon- 
tal pipes and the risers may 
be made somewhat smaller 
than in up-feed systems. 

This system has the ad- 
vantage of placing the big 
pipes in the attic, where their 
heating effect is less object i()nal)le than in the ba.sement. As the pipes 
gradually decrease in size from top to bottom, this gives small pipes 
on the lower floors, which in mcxlern buildings generally contain a few 
large rooms and little space for 
concealing pipes. It is fre- 
quently advisable to combinT 
with this system the up-fee<l 
method of healing the first floor, 
which is generally high-studded 
and re(|uires a large amount of 
radiation. Relieving the down- 
feed system of this load means 
smaller risers throughout the 
building, which, in the modern 
sky-scraper, results in a saving 

' iV . ,1 . f V\^.^^. Siphon Trap. 

that more tiian otisets the rost oi 

the se)>arate ujMeed system for the lower floor. Another reason w'hy 
it is advisable to put the lower floor on a separate system, is that the 
steam is drv, whereas the steam from an overhead system becomes 
pretty wet from condensation l)v the time it reaches the lower floor. 




Oi^'crHeact 
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IVer Return 



Fi«?. 2t. ArrunprcnieiU to Rise and 
Drip in Mains lit lulervals. 



One-Pipe System. The one-pipe up-feed system is most com- 
monly used in connection with relatively small heating plants. It has 
the advantage of simplicity, there being but a single valve to operate. 
In tall buildings with the up-feed system, the risers must be objection- 
ably large to provide for the pas- 
sage of steam up, and water of 
condensation down, the same 
pipe. With the overhead sys- 
tem, the risers may be made con- 
siderably smaller, since the water 
13 not hindered in its passage by 
a flow of steam in the opposite 
direction. With this one-pipe 
system, the radiator connections 
should be short and pitched 
downw^ard toward the risers to 
avoid pockets. When used in high buildings with the overhead sys- 
tem, the lower portion of the risers must be liberally proportioned, 
other\vise the steam will become too wet. 

The Two-Pipe System. This system is commonly used w^here the 
radiator connections must be long and where it would be impossible to 

secure a proper pitch to insure 
good drainage with one-pipe ra- 
diator connections. Coils are 
nearly always made up with two- 
pipe connections. In high build- 
ings, where a large amount of 
radiation must be carried by 
each riser, thev may be made 
smaller if two-pipe connections 
are made with the radiators. 
This is often a (leci<led advan- 
tage, especidly if the risers are to 
be conc(»aled. 

Draining Mains and Risers. With long mains, it frecjuently is 
the case that if given a continuous pitch they would be too low at the 
extreme ends; and it is therefore customary to rise and drip at inte^v^'ds, 
as shown in Figs. 23 and 24. 



Fhor 









Pig. 25. Arraniromont f'»r Draininj^ 
with Indirect SvsU'iii. 
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The siphon imp (Ki^. 23) prevents a ^rt»ater pressure being in- 
trcxluced alon^ the overhead return than ocrurs at the extreme end, 
since any excess in pressun* at an intermediate jK)int merely forces 
down the water in the inh^t leg of the siphon trap to a ]>oint where the 

differiMice in pressure in the two 



/fts»r Orain/nq 
To Mam 



mains is (Mjualizt*<l hy the higher 
level of water maintaine<i in the 
outlet pijH* of tlie syphcm trap. 

With indirect svstems, the 
mains are fre<|uently drained 
thnnigh the benches or stacks of 
nuliators, the connections l)eing 
tak(Mi from the lM)ttom of the 
main. It is a.ssume<l that all the 
indirects will not be shut off at 
I ' ^>^ the same time (see Fig. 25). 

^5r Mains and rist^rs are com- 

monly drain(Ml as shown in Fig, 
20, connections luMug taken from 
the bottom of the main and the heel of the riser. Kisi'rs are not in- 
fnujuently drained to the main, which in turn is drained at the end 
(sec Fig. 2(1). This arnmgemcnt rccjuircs less fitting than when the 
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TiL'. 27. Slll^^^i^llr Artillcial Wat. r Line. 

risers arc rclicvc<l at the base, as shown in Fig. 20. If the mains 
are long, ihcy should be dripped at intervals of ')i^ to 7') ftiet. 

( )vcrhead-fccd mains on a down-feed sv.stcm are nearlv alwavs 
dri[)ped from the bottom to the various ri.sers, as ])r(»viously stated. 

Artificial Water Line. It is sometimes neccssarv, when a boilef 
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is set verj' low with rcfcivrice to the returns, atni it is desired to use a 
wet return systen, to seal tlie relief pipes l»y means of an artificiul 
water line established as shown in Fig. 27. The e<[ijalizing pijHi is to 
be connected with a steam main. 

When the ilischarge from the system leads to an open return, a 
trap must l^e used. One of 

the type shown in Fig. 2S, gA 

arranged with an etjuali/ing 
pipe and s»t ut the proper 
level, will liold the water 
line in the system, no stand- 
pi(>e lieiug re(|uired. 

Pipe Sizes. — Mains. 
The cajjatities of pipes lo 
supply heating surface iti- 
cre4ise mors nipidly than 
their sectional areas; that 
is, a G-inc-h pi|)e, with about 
four times the area of a '-i- 
iiich pipe, will snpply nearly six times as nnieli surface. 

Table III shows the amounts of radiating surface in gravity- 
return ,'iystems which luiiin pipes HH) feet long, of different (hameters, 
may l>e .safely counteil iin lo supply with h)w-pre.s.siire steam (say. ;j to 
5 li>s.). 

In ciLse the radiating surface is hx-ated some distance above the 
water line jii the Ixiiler, the caivying capa<-ity of the i)ii)cs may he 
iiicreas<>d as much as .'»() per cent, owing to the greater drop in [iressure 
that may he allowctl without interfering with the return of water to the 
boiler. 

Mains are frei|nently made much larger than necessarj-, simply 
l»ecause the fact has been overlookwl that the radiators are Icx-ated 
well alx>ve the iKiiler, and that a iln)p in pre.s.sure between (he Ualer 
and the end of the main of ', lb., or even more, wouhl lie pennissible. 

The greater the dn>i» in pressure allowed the .smaller may be the 
pipe for a given ca|>acity. 

Pipe Sizes. — One-Pipe Risers. Ui,ser capacities are given in 
Table IV. 
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TABLE III 

Capacity of Supply Mains, Gravity Return System, and 

Size of Dry and Wet Returns 

Mains 100 ft. long.— St^am at low pressure (3 to 5 lbs.). 
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For lengths prcater than 100 ft. and for sara<i drop In pressure as for 100 ft., multiply 
the above figures by 0.8 for l.'H) ft. ; 0.7 for 200 ft. ; 0.0 for :<00 ft. ; 0.5 for 400 ft. ; 0.4 for 600 ft. ; 
and 0.3 for 1,000 ft. When the i)ressHre at the supply end of the pipe ean be Increascnl for 
long runs so that the droj) In pressure for each 100 ft. can be the same, theu the figures In 
the table ean be used for long runs. 

TABLE IV 
Capacities of One- Pipe Risers 
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C'APAriTV. 

Up-Fkei* 
30 s(i. ft. 
GO " " 
120 " " 
200 '' " 
300 " " 
450 " " 
G20 " ** 
SOO '' " 



Capacity, 

I>«)\VN-FEED 

GO .sq. ft. 

110 " " 

IGO " " 

2G0 " " 

400 " " 

GOO " " 

800 '' " 

1.000 '* " 



The capacities of the 14nch and 1 '/i-Inch pipes for ui)-feed are somewhat'greater than 
those stated; but they an; given as above, since these llguri's corresi)ond closely to stand- 
ard radiator tapping, and it is advisable to make the pipes of the same size as the tapped 
oi)enings. 

In high luiildings with tlie down-feed system, the lower half of the 
ri.sers .should be based on not inucli more tlian half the capacities stated 
in the right-hand column, in order that tlie pipes may be of ample size 
to carrj^ off the great amount of condensation from tlie radiators alwve, 
without making the steam too wet for use in the radiators below. The 
pipe to the lowest radiator connection should be not kvss than 2-inch. 
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Pipe Sizes. — ^Two-Pipe Risers. With the two-pipe system, the 
capacity of the risers is of course, considerably greater than with the 
one-pipe system, since the condensation is carried off through a sepa- 
rate system of returns. 

Table V gives the appn)ximate capacities of risers for the two- 
pipe system. 

TABLE V 
Capacities of Two- Pipe Risers 



SlZK, SUPPLY 


Capacity, 


Capaiity. 


Size, Return 


RlRKU 


UpFekd System 


DownFeku System 


RISEK 


1 


in ell 


r)0 sq. 


ft. 


55 sfj. 


ft. 


J incli 


U 


inches 


100 " 




115 '• 




1 


n 


• ( 


150 '' 




175 " 




1 -IJ inches 


2 


It 


270 '/ 




325 •* 




1 -\\ " 


-i 


li 


•170 " 




570 •' 




li-li " 


3 


<i 


SH) •* 




1.000 " 




J} li " 




<( 


1.200 " 




1,IS0 " 




l.J-2 " 


4 


n 


i,r,oo " 




2.000 •* 




U-2 



III buiUlliiKS over six st()ri«'.s hlt:h, with tho up-ftMMl system, use 10 per cent less 
purfaco tluin stated in the third column, t<» aUow for the increased length and con- 
densation. 

Pipe Sizes, Indirect. Supply amiuK'tions with indirect radia- 
tors must he larger for a given surface than for direct radiators. 
The following table givas ample sizes when the radiators are but 
little al>ove the water line of the boiler. When this distance is con- 

TABLE VI 
Sizes of Supply Connections for Indirect Radiators 



DiAMKTKll OF 


Pipe 


Indihect K\i)iArrN(; Suiifa<'K 
Si'PPMKn 


1 


inch 




40 


S(l. 


ft. 


U 


inclK^ 


70 


• < 




li 


<( 




100 


tt 




O 


tt 




ISO 


tt 




Ol 


it 




330 


if 




\\ 


tt 




000 


t< 




;v\ 


tt 




900 


(< 




\ 


tt 




1 ,200 


(t 




-*i 


tt 




1 ,(iOO 


ii 






ft 




2.100 


(t 




{\ 


it 




3,100 


• < 






ft 




5.100 


i< 




s 


it 




7,200 


>-( 





siderable, the pipes may be safely rated to supply one-third more sur- 
face; for a greater drop in pressure may be allowetl between the 
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supply and the return mains, and drop in pressure means a great 
velocity in the pipes, and consecjuently a greater How of steam to tl 
radiators. 

Indirect radiators are seldom tapped larger than 2 inches; ther 
fore radiators that reijuire larger connections should be subdivided 
groups. 

STEAM PRESSURES AND TEMPERATURES 

Steam pressures; and temperatures have a certain definite relati( 
to each other, the temperature increasing with the pressure, but n 
as rapidly for a given increase with high-pressure as with low-pressu 
steam. For example, witii an increase in pressure from 10 poun 
to 20 pounds, the temperature rises about 19° F.; whereas with j 
increase of 10 pounds from 90 to 1(K) pounds the temperature increas 

TABLE VII 
Temperature of Steam at Various Pressures 



VAf'UrM (IN 
INCHKS <»K 

Mkucurv) 


Tkmp. "F. 


(; AI'lJE 1*UKSST*UE 
(LIJS. I'KK .S«J. IN.) 


Temp. °F, 





212.1 





212 


5 


203.1 


1.3 


216.3 


10 


102.1 


2.3 


219.4 


12 


IS?.') 


3.3 


222.4 


14 


182.1 


4.3 


225.2 


It) ' 


170.0 


r).3 


227.9 


IS 


1()0.1 


10.3 


240.0 


20 


101.5 


20.3 


259.2 


22 


i:)2.3 


30.3 


274.3 


21 


1 17.0 


40.3 


280.9 


21) 


12r).() 


•50.3 


297 8 


28 


101.4 


00.3 


307.4 






70.3 


316.0 






80.3 


323.9 






90.3 


331.1 






100.3 


337.8 


• 




150.3 


365.7 






200.3 


387.7 



only about 7° F. From atmospheric j)re.ssurc to 10 pounds' gau 
pressure, the increase in temperature is nearly 2S^ F; a slight differen 
in the pressure in radiators making a marked dilTerence in their tei 
perature. 

In the case of a partial vacuumy so called — exj)ressed gene^^ 
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in inches of mercury — the decrease in temperature as a condition of 
perfect vacuum is approached is very marked, as shown in table 
VII, which gives also steam temperatures corresponding to various 
pressures. The latter are given in each case ^\ of a pound in 
excess of the gauge pressure, as practically all tables of the proper- 
ties of steam give the absolute pressure — that is, the pressure above 
a vacuum — the absolute pressure corresponding to 5.3 pounds' gauge 
pressure, for example, being 20 pounds absolute. 

The atmospheric pressure at sea-level is practically 14.7 pounds 
absolute, and the boiling point of water is 212^. As the pressure 
decreases, due to altitude, or to the removal of air from a vessel by 
artificial means, the boiling point falls. 

EXPANSION 

Amount of Expansion. An allowance of ^ .f.^.j of an inch per 100 
feet of pipe for each degree rise in temperature, is a fair allowance 
in computing the amount of expansion that will take place in a line 
of pipe. 

One must assume the temi)erature at which the pipe will be put 
up — say anywhere from 0° to 40° in an unfinished building in winter — 
and, knowing the pressure to be carried, look uj) in a table of the prop 
erties of saturated steam the temperature corresponding. See table 
VII. 

Example. Find the expansion that will take ])lace in a line 100 
feet long put up in 3()-(legree weather, when it is filled with steam at 
80 pounds' pressure. The temperature corresponding to 80 pounds' 




Fii?. 2tK OfTsel and Swivols. 

^ steam pressure is »^24°; the increase from 30° is 21)4°, which multiplied 
by yy^oir gives 2 j-^u inches expansion, or, expressetl in decimals, 2.35 
inches. 

In low-pressure work 100 feet of -pipe heated from 30° to 230° 
will expand about l.G inches. 
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Provision for Expansion. The expansion of mains can generally 
be provided for l)y offsets and swivels, as shown in Fig. 29. All that 
is necessarj' is to have the two vertical nipples placed far enough 
apart, as detennined l)y the length of the horizontal offset, to permit 

the expansion to take place without 
too much turning on the threads. The 
less the turn, the less will he the like- 
lihood of leakage. The shorter the 
offsets, the greater the number that 
must be usc<l. 

A pretty conservative nile would 
,,. .. ,. . .,, , he to allow 4 feet of offset to each 

Fig. 80. Swing to Allow for 

KxiKiiiMoiK.f KiMis. im-i^ of expansion to be taken up on 

the line. In the case of underground work a good deal of the ex- 
pansion can be taken up where pipes enter buildings by the same 
kind of swings as shown in Fig. 21), making them h)nger and tnus re- 
ducing the numl)er of expansion joints or offsets in the tunnel or duct. 

Expansion of Risers. In proviiling for the expansion of risers, 
considerable skill must be used, especially in tall buildings. In 
buildings of not over (> to (S stories, or possibly 10 floors at the outside, 
if they arc not high-studded, the expansion may all be taken up in the 
basement, using swings like those shown in Fig. 30, similar swings 
being used in the attic also if the over!iead-fecd system is used, the 
connections beinj; taken from the bot- 
tom of the main, as previously stated. 

In higher buildings than those 
mentioned, cither slip-pattern expan- 
sion joints or swivels made up of pipe 
and fittiuirs arc c-ommonlv used. One 
of these to cvcrv six to ci;j:ht floors is 
generally considered sufficient, depend- 
ing on the length and arrangement of 
the radiator connections. ( )nc must 
be sure the pipes above and below slij) 
joints are in proper alignment; otherwise, binding and leakage w^ill 
occur. If the risers are concealed, such joints nuist be made accessi- 
ble through proper ()[)cnings in t!ie walls, as the packing will have to 
be taken up from time to time and replaced. 



Anchor Here 




Fiir. 



:^i. Expansion Joints. Offsets 
Nt'iirly Horizontal. 
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Expansion joints made up of pipes are illustrated in Fig. 31. 
Suoh joints arc unsightly if exposed; but they may generaJly be con- 
(■ealeti either In specially provid- 
ed pockets in the floor or in 
spaces furre<l down Iielow the 
ceilings and near the walls. 

Wien expaiLsion joints arc 
us«l, the risers should he an- 
chored about midway between 
them. These anchors consist 
merely of clamps around the 
pipes fastenwl to the beams, one 
type being shown in Fig, 32. 

Radiator Connections. Con- 
siderable ingenuity is exhibited 
by good fitters in arranging ra- 
diator connections. One should 
always stu<!y the end sought, and 
then provide the necessary means 
to secure that end. For example, 
on a floor at which the riser is 
anchored!, almost any sort of ra- 
diator connection will answer, 
since expansion nctsd not l>e pro- 
vide<l for. 

Where expansion takes place, 
swivels must be provided in the 
radiator coiuioc'tioiis, to allow for same. Fig. 33 shows a convenient 
way of taking off ratliator connections from risers, any expansion 





bang taken up by the turning of the horizontal connection in the 
parallel nipples. The connection should of course pitch back toward 
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the riser, to drain freely. Where tlie expansion is considerable, this 
is difficult to accomplish unless the radiator is slightly raised. 

When risers must be locateil along the same wall as that on which 

the radiator is placed, the 



swivels may be arranged 
as shown in Fig. 34. 

Radiators on the 
first floor have their con- 
nections made by angle 
valves with the pipes in 




>;■'/: 



Radiator 







Riser 



Fig. 31. Arranj;ement of Swivrls when Uisiers an* 
Located ou the Sain« Wall as KaUi.itor. 



the basement, to avoid running along the base-board. It is well to 
take the branch to the first-floor radiators from riser connections in 
the basement, rather than to cut into the mains for these branches, 
l^ee Fig. 35. 

COMPUTING RADIATION 

Computing Direct Radiation. It is a perfectly simple matter to 
compute the amount of radiation retjuired to heat a room, by finding 
the probable loss of heat per hour, and dividing this by the heat given 
oil' by a scjuare foot of 
rax Hating surface in the 
same time. 

Numemus tests have 
shown that an < ordinary 
ca.st-iron radiator gives 
off a p p r o X imately 1 .() 
heat units per hour per 
de<:cree difference in tern- 
perature between the 




Supplu main in basement 

FiR. :{.'). Hranch from Riser Connectien In Basement. 



steam and the surrounding air. With low-pressure heating a square 
foot of direct radiation is commonlv rated at about 250 H. U. Glass 
transmits about 85 heat units per scpiarc foot per hour, with 70° inside 
and 0° out; and walls of ordinars' thickness mav be reckoned as trans- 
mittint; one-fourth as much heat. 

Hie heat losses stated shouhl be increased about 25 per cent for a 
nordi or west exposure, and about 15 per cent for an citsterly exposure. 

An allowance should be made for reheating rooms that are al- 
lowed to cool down slightly at night. This may. be done most con- 
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veniently by adding to the loss of heat through walls and glass a num- 
ber of heat units equal to 0.3 of the cubic contents of a room with two 
exposures, and 0.6 the contents of a room wntli a single exposed wall. 

The way this works out may best be shown by a couple of ex- 
amples: 

Suppose we have a room 16 feet square and 10 feet high, w^ith 
two exposed walls facing respectively north and west, euch having a 
window three feet 6 inches bv 6 feet. 

Exposure of room = (16 + 16) X 10 = 320 sq. ft. 

Glass surface = 2 X 21 sq. ft. = _ 42 '' " 

Net wall 278 tsq. ft. 

Equiralent glass surface (E. G. S.) of net wall = 27S ^ 4 = 

Approximately 70 sq. ft. 
Actual glass surface = 42 ** " 

Total E. G. S. Approximately 'll2 sq. ft. 

Heat transmitted = 11 2 sq. ft.X85 heat unitsX 1.25 factor- 11,890 U. U. 
Allowance for reheating = 0.3 X cubic contents of 2,560 cu. ft. = 768 " *' 

Total heat loss to be made good by direct radiation 12,658 H. U. 

This 12,658 heat units, divided by 250, the amount given off by one square 
foot of radiation in one hour, = 50 sq. ft. approximately, giving a ratio of 1 s(|. 
ft. of radiating surface to 53 cubic feet of space. 

Take as a second example a room with one exposure toward the 
Ciist, the dimensions of the nxnn being 14 by 14 by 10 feet, with one 
window 4 by 6 feet. Proceeding as before, 

Exposure = 196 gq. ft. 

Glass = _24 '* '' 

Net wall 172 sq. ft. 

E. G. S. of n?t wall = 1 of same «= 43 *' '* 

Add actual glikss = _ 24 '' '* 

Total E. G. S. 67 sq. ft. 

Heat loss per hour = 67 X 85 X 1 .1 5 = 6,549 H . U. 

Add 0.6 the contents to allow for reheating ; 0.6 X 1 ,960 = 1 ,1 76 " " 

Total heat loss 7,725 11. T. 

This 7,725 heat units -:- 250 ^ 31 s(j. ft. radiation ro<iuired, giving a ratio 
of 1 to 63 cubic ft. 

The loss of heat through roofs and through ceilings to unheated 
attic spaces above may be allowed for conveniently, and with suffi- 
ciently close approximation to the actual heat loss, by dividing the area 
of the roof by 10, and that of the ceiling by 20, to give the E. G. S. 

In the case of a well-constnicted plank roof, with paper or other 
material above that will prevent the leakage of air, the roof area may 
safely be divided by 15 to ascertain the E. G. S. 
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It is hanllv nccessan', as a rule, to allow for the loss of heat 
through a first Hoor to the basement when the latter is well enclosed 
anil contains steam and return mains or is otherwise kept at a 
moderate temperiiture. 

Computing Direct-Indirect Radiation. The most common meth- 
od of computing the amount of direct-indirect radiation required, 
is to ascertain, in the manner de^cril)ed, the direct radiating surface 
necessary, and add to it appn)ximately 25 per cent; that is, if a direct 
radiator of 100 scpiarc feet were found to be necessary to heat a given 
nK)m, a direct-indirect radiator of 125 sipiare feet would be required. 

Computing Indirect Radiation. To compute the amount of in- 
direct raiHation iioccssarj^ to heat a given room, about the simplest 
method to grasp is to compute, first, the direct radiation required, as 
previously cxphiined, and then mid 50 per cent to this amount, sinoe it 
happens tliat, under average conditions of 70° inside and 0° outside, 
practically 1 V times as nuich surface is recjuired to heat a given space 
with indirect as with direct heating. 

When a stated air supply is recjuired, the loss of heat by ventilation 
must l)e computed, and i different method followed in ascertaining 
the amount of indirect radiation required. For example, take a 50- 
pupil scho()Ir(M)m with the connnon compulsory allowance of 30 cubic 
feet of air per minute per pupil — ecjual to 1500 cubic feet per minute 
per room. Each cul)ic foot escaping up the vent flue at 70° F., when the 
outside temperature is zero, removes from the room 1 J heat units; hence 
the total heat loss by ventilation per hour would be 60 X 1500 X 1} 
=- 112,500 heat units. A standard schoolroom has about 720 square 
feet of exposure, of which not far from 180 square feet is glass, 
leaving a net wall of 540 scpiare feet, w'hich, divided by 4, gives 
135 scjuare feet ecpiivalent glass surface. This, added to the actual 
glass, gives 315 scpiare feet E. G. S., which, in turn, multiplied by 
S5 heat units X a factor of 1.25 for north or west, gives a total heat 
loss by transmission of 33,470 heat units approximately. 

The c()nil)inc(l loss of heat by transmission and ventilation 
amounts U) 145/.)7() II. V. 

With the greater air-flow through indirect heaters used in schools, 
the heat emitted per scpiare foot per hour should exceed somewhat 
the amount given ofT by indirect radiators in residence w^ork — namely, 
400 li. U. To be on the safe side, allow 450 H. U. The total heat 
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I. _ ^ 

loss from the room, divider! by this niimber, gives approximately 300 
square feet as the surface required. 

DUCTS, FLUES, AND REGISTERS 

Areas of Ducts and Flues. The area of the cold-air connec- 
tions with the benches or stacks of indirect radiators, are generally 
based on 1 to 1 J scjuare inches of area to each scjuare foot of surface 
in the radiators. 

The flues to the first floor should have 1 i to 2 scjuare inches area 
to each square foot of surface; those to the second floor, 1 1 to 1 i s(juare 
inches; and those to floors above the secoiul, 1 to 1| s(|uare inches per 
square foot of radiation. 

The sides and back of warm-air flues in exposed walls should be 
protected from loss of heat by means of a nonconducting covering, 
T)referablv \ inch thick. 

Flue Velocities. A fair allowance for flue velocities with indirect 
steam heating is 275 feet per minute for the first floor, 375 feet for the 
second, 425 feet for the third, and 475 for the fourth. 

Registers. The net area of registers should be 10 to 25 per cent 
in excess of the area of the flue with which they are connected. The 
net area of a register is commonly taken as 5 the gross area; that is, 
a 12 by 15-inch register would have a net area of 120 square inches. 

Registers in shallow flues must either be of the convex pattern, 
or be set out on a moulding to avoid having the body project into the 
flue and cut off a portion of its area. 

Aspirating Heaters and Coils. To cause a more rapid flow of air 
in ventilating flues in mild weather, steam coils or heaters are used. 
These should be placed as far below the top of the vent flue as possible, 
for the higher the column of heated air, the greater the chimney cft'ect. 
The smaller the flue in proportion to the volume of air to be handled, 
the lanrer should be the heater. If cast-iron indirect radiators are 
used, they may be rated to give off about 350 heat units per scpiare foot 
per hour; coils may be rated to give off nearly double that number of 

heat units. 

To illustrate how to compute the size of coil to be used, assume 
for example that 1,500 cubic feet per minute are to be removed 
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throiigli a ventilating flue, the air to In? raise*! 10° in temperature, 
rhon 



'1^ 



l^r>(M) cu. ft^ |)rr_inin. X <)0 inin. jXThoiir X 10° rise in temp. ^ o^i -i- 
T)') in^jxt units X 050 lu^Jit unites por liour per sq. ft. of coil ^ * ^' 
ft. of coil ro(iuircHl. 

(Tho iniiiilKT 55 is Ihr- luiinbcr of cubic feet of air at 70** that 1 heat 
unit will rai.s(; 1° F.) 

Ill order to work out important j)rol)lems of this nature, it is 
necessarv to c-onsiilt a tal)le giviiij^ ihie velocitit^s for different heights 

and for excesses of temperature of air 
in the Hue over that out of doors. 
From such a table, knowing the height 
of the flue, its .size, and the volume of 
air to be move<l, it is readily seen how 
many degrees the air must be heated. 
The size of coil is then determined as 
above. The arrangement of an aspi- 
rating heater in a flue is shown in 
FiL^ 3'). 



Went 
Reaulator 




Fi^r. :<«V Aspiratinir lioi^ulalor 
ill Flilo. 



EXHAL'ST-STEAM HEATINQ 

liuiKHngs having their own power 
and lighting plant should be heated 
by exhaust steam, about 90 per cent of 
the steam that pas.ses through the en- 
gines and pumj)s being availal)h* for this purjMXse. 

A portion of this steam is used for heating the feed-water to the 
boilers. In a properly arranged system, very little fresh water need 
be supplied, since the condensation from the radiators, properly pu- 
rified, is rHumtMl to the l)oilers. 

To accomphsh this i)uri(ication, and to rid the steam of oil in 
order to prevent its coating the pipes and radiators, the steam is passed 
through a separator attached to the heater when all the steam is al- 
lowed to enter it, or through an independent separator when only a 
portion of tlu* steam j)iLsses tlirough the feed-water heater. Only 
about oncvsixth of tlic exhaust steam in a given plant is required to 
heat the fi*e<l-waler that must be supplied to the boilers to take the 
place of the steam used in the engines, therefore all the exhaust need 
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the steam is allowed to pass througli the heater, the latter w 
portion of the exhaiisffrom the engines is ullowol to enter. 

A ven' essential appliant-e used witli exhaust-steam heatinfj is the 
•cilucintj Cfdi'c, which makes gooil with live steam any de- 
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ficiencj' ill exhaust tliiit may occur. By luljusting the weight, any 
desiro! pressure, wilhiii limits, may l>e obtained. 




Mk « M tbod ot Mai 



ibi Steam l3 Allowed 



V tad pr ^^ure tali mii t he use*] with exhaust-steim heating, 
to r(|,ul itt tht press m t > 1 l c imed It tdso uts is i snfetj \alve 
III < I L o[ >\ir pres-siirefrim anv ( lu-^e 




] loiitiiij; systems jirc sometimes mraiigeil Uy hriiiirinti to' them live 
steau! to he rethiced in the building to any desiretl pri'ssure bv a reduo 
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Exhaust 



inj5 valve. In such cases there is no back-pressure valvp; tlierefore a 
.safety-valve should be placed on the main to act in case of trouble with 
the reilucing valve and prevent too great a pressure on the radiators. 

A by-pass should be use<l in connection wif li (ill pressure- reducing 
valves, to provide for overhauling them. A steam gauge connected 
not less than C feet from the 
valve on the low pressure side is 
a necessary attachment. 

With exhaust-steam heating, 
an e.\hanst head should be placed 
at the top of the vertical exhaust 
main, to condense, as far as pos- 
sible, thesteam passing through it. 

The drip pipe from tlic ex- 
haust sh()ul<l be connected with 
the drip tank; or, if tlie CNhaust 
has been passe<l through a first- 
class sciiarafor, it may, if desired, 
he returned to the feed-water 
heater. 

When a closed type feed- 
wafer heater is u.se<l (see Fig. 40), 
a separate tank must be pn>vi<leil 
for the returns from the heating 
systems. High-pressure drips 
are frappetl to this tank. In the 
case of the heater shown in Fig. 
37, the live-steam returns are 
trappe<l to it. A common type 
of trap is shown in section in 
Fig. 41. In the pasition shown, 
the float or bucket liinged as 
shown, is held up by the bunyancj' of the water, iii] 
at the iipper end of the spindle in contact with tli 




Fig. 10- 



kccps the valve 
seat, I )re venting 

the escape of steam entering with the water through the inlet. Tlic 
water, rising nrcnmd the bucket, overflows it and overcomes lis buoy- 
ancy, eau.sing it to fall and open the valve, the steam pressure on the 
water tlien forcing it out of the bucket until a polnl is reached where 
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the Imoyaiicy of the l»ucket again comes into play uiul closes the valve 
until the wtioii is again repeatetl. 

All extremely .simple form of float tnip is sliown in Fig. 42, the 




Outlet 

Fiji. 42. Floal Trap. 



holl 

but fi: 
point 

steum, 



loat niLsiiig the spindle anil valve, ponniltiiif; water to escape, 
illin^ iiiKl thus closing the outlet when the water level reaches a 
too low to Ciui.se the hall to float, thus preventing the escape of 

Spe<-ial fonns of tnips known as rrliini Irtiiia are useil in smitll 
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plants for returning to the lM)iler the coiuleiisation fnHn the heating 
sy.st*m. 

MODIFIED SYSTEMS OF STEAM HEATINO 

It is lieyonii the Hiiipc of this course lo go into the detnil.s of the 
vaiious iiKxIilieil or iiateiiteil sv.*teins of steam circulation, yet it seems 
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advisable to point out the essential 
The Webster and Paul Systems \vi 
the Instruction Paper on Heating 
Theraiograde System. With 
are omitted; flte 
is of a spet'ial con- 
admit quantities (if 
tious — to fill the ni- 
steam. On the rc- 
}>laee4l a so-c;illi 
the escape of : 




features of certain of these systems. 

II be found described in Part III of 

an<l Ventilation, 
thi.s two-pipe system air vahes 
supply vahe on eacli radiator 
struction designed to be set to 
steam under diflterent condi- 
diator J, i, J, or entirely full of 
turn end of each radiator is 
aiilo-i-alrc, designe<l to pennit 
and water into a return pi[>e 
open to the atmosphere at 
the top. In the case of large 
liuildings the water flows by 
gravity to a tank, from which 
it is pumped to the boilers. 




Fig. 41, Hiintfr. ii'^'^'' ''^n 'V!'"*''i>i' f '''"'-'*■ Sleeve for EncnsiiiB Pipe. 

Some of the advantages claimed for this system are: — Absence of 
air-valves and air-lines; nmlrol of the heat emitted, by means of the 
special controlling valve af the supply end of each nuliator. The pip- 
ing is the same as for ordinary gravity systems. 

Vapor System. This system is designed, as its name implies, 



as 
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to work i»ii u ven' low pressure. The radiators, preferably of the hot- 
water t_v])e, must have ciinsid era lily more surface than with low-pres- 
sure steam heathif;- A special valve is placed at the supply end of each 
radiator, designed to admit any desire*] volume of steam. 

A little trup or water-seal fitting is 
connected with the return end of each 
radiator, a small hole being provided 
.ilK)\e the wafer line to permit' the escape 
of air All returns are joined in the 
lm>«ment and discharge to an open water 
(iilunui alongside the boiler, any steam in 
the rrturns iR'ing condensed by passing 
int< .1 coil proviiletl for the purpose. 

No safety valve is 
retjuired with thb sys- 
tem. In case of an ex- 



((•<s of prt--.iiri 111 tlie 
iHiiltr ihi \\ iKr 1- hnk- 
ihI out in(ci thi Hilnmn | 
jibirtt nittilior cil, n flo it 
is raiscil; and dampers 
aR-cU.sc.l. 

The adv!iiil;it;c.s clainie.1 :uv.:—Com- 
jiletc (■(iiitnil of the licut ^ivcn of! liy ihc 
radiators liy inciiiis ..f (he special regulat- 
ing valve on each; absolute >ufcly; Miiall 

jMcrcurv Seal Vacuum Svstwns. In 

.,nc of ihc'^c systems' commonly u.ed '■''-'■"'■ i^"" B-H-Giobe valve. 
with {iniviiy-rcdini a|)])iir:itiis, nir-vidves siniilar lo those shown in 
Fig. '>'> arc placc-l on the nidiatnrs, and the air-lines connected 
with a main line iliscliargiiig thmngli a uirrcuiv .seal or column, the 
fuiictiun iif which is to seal the end of the pipe ami prevent the en- 
trance of air after die air from the system has been expelled by 
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raising the sfcom pros.sure. In niiother mercury seal system, air- 
valves are oinittetl and "retarilers" — .so called — are plai'etl at the 
return ends of ra<iiators. 

With a tiglit Job of piping; wlii-ii the uir in the system has once 
been got rid of, the plant imiy Ik^ rnn 
for some, time — or until air leaks in 
again — at a pressure less llian the iit- 
mosphere and with ra<liat(>rs at tem- 
peratures correspondinj:; to those of 
hot- water radiators. 

Among the olaims maih' for this 
system are: — Wide range of tempera- 
ture in the radiators, aeeureil hv v;ir\- 





Spud 



KM- SI. HudlaHir SI raisin way Vjilvi- 

vantage of a hot-water heating sys- 
sleiun under pressure can be ear- 

tlicr. 

PIPE AND FITTINGS 

Pipe. l'ii)e for healing svslenis .should be made <)f wrought iron 
or mild steel. Sizes up to 1 J inches diameter inclusive, are butt- 
weliled iuid proved to liOtt pounds' ))ressiire; above that size they 
are lai>-welde.l and tested to .'jOi) pounds' pressure. 
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Pipe is shippetl in len<i;ths of 10 to 20 feet, thremled on both 
ends and fitted with a coupHng at one end. 

It is well, as a nile, to have pii)es 2\ inches in diameter and larger 
cut in the shop fn)ni sketches. These should ^ive the distances from 
end to center, or center to center, an<l should state the size and kind 
of valves, w^hether flan»^ed or screwt^l fittings are to be used, and in a 
general way should follow Fi»;. ■!.'>. 

The dimensions of standard pipe are j;iven in Table VIII. 

NOTES ON WROUGHT-IRON PIPE 

(Furnished by tlw Crane ( •ompiiny, Chicii^o, III.) 

Whought-Ihox Pipk: — Hiis term is now used indiseriniinately to desig- 
nate all butt- or hip-wtldrd pipe, whetlur made <»f iron nr steel. 

Merchant Ph'e:— This t(»rm is us-'d to indicate the regular wrought pipe 
of the market, and such ordirs are usually liUed by the shipment of soft st«jl 
pipe. The w*eight of merchant i)ip(^ will usually be found to be about five per 
eent less than card weight, in >iz<'S j^-inch to (Vinch, inclusive; and about ten 
per eent less than card weight, in sizes 7-inch to TJ-inch, inclusive. 

Full-Weioht Pipk: -This t*. rm is used where jnpe is required of about 
card weight. All such pijx* is made fn m plates which are expected to produce 
pijxj of card weight; and most of sudi pip;i will nm full card to a little above 
card, but, owing to exigcneit s of manufacture, some lengths may Ix* b<'low 
card, but never more than live per cent. 

L.viiGK (). 1). Pipk: -A t<rm used to designate all ]n\^' larger than 12- 
inch. PijKJ 12-inch and smaller is known by the nominal internal di:uneter, 
but all largrr sizes by their external ^^outside) dianic»ter. so that "14-ineli pipe," 
if I hich thick, is i:5i-inch ii^id •, and "JD-inch pii^i" of same thiekm»ss is 
lOJ-hich inside. 

The terms ''Merchant," or "Standard i)ip'." are not applicable^ to "Large 
(.). I), pip^/' as these; arc mad • m various weights, and should pro|>erly be 
ordered by the thickness of the metal. 

When ordering large pipe threaded, it must be rememlx-rcd that J-inch 
metal is too light to thread, /V.-i^^^^ being nuninmm thickness. 

Orders for large outside diamc^ter pipe, whenun the thiekne.«JS of metal is 
not specified, are lilled as follows: 

Fourteen, fifteen, and sixteen inch, O. D., iVineh or J-inch metal. 

Larger sizes, J -inch metal. 

This pipe is shipped with j)lMin ends, unless defmitely ordered "threaded.'* 

ExTiiA Sthonu Pii'k: — This term doignati s a heavy pipe, from J-inch 
to S-inch only, made of either puddled wrought iron or .M)ft steel. Unless 
directed to the contrary, steil i)ipe i.«« usually shipp. d. If wrought -iron pipe 
is required, use the term, "Strictly Wrought-Iron Kxtra Strong Piix*." Extra 
strong pipe is always shij)|wd with })lain ends and without coupUngs, urUss in- 
structions are ree(»ived to thread and couple, for which there Ls an extra charge. 

This term, when appliitl to pipe larger than S-inch, is somewliat indefi- 
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nit*', lis ',»-, 11)-, and Vi-i 

thii'k UK aimed in siliirt 

Doriif.t: l-;sTiiA r^ 



diameter. Oii 



111.- Ixith ,\, iitid ; inch thick. Pipes i inch 

iit^hcJ nil i>|M'n unltT. 

ii'k: -This |«|K' is ap]inixinwt-<'ly twico as 
licuvy iirt I'Xirii stri»ii;, iukI l-^ tiiiiili' fnini j t.'i S ini-licp, in Ijiith iron aud ttttvl. 
It is iliHii'iilt, Iluv.'Vit, t" liiid iiiiy 'iiuinlily in "^itrii-tly Wnm^it-Inin," and 
tlic slink ciirriiil is usmiHysiift nWfl. This pin- is shij>i>«>d uiUi plain eudii, 
without i-diiiihiigs, unless urdrn'd In thread iind (inipli', for wliich there is an 
cxtm charge. 

Fittings. Fi»r low-prcsMire liciitiiiji systems, standard weight 
cast-iron .screwpii Httiiifjs an' nseil on pipt-s np to 7 indies or 8 inches 
I liirf;er i)i])fs it is custonian' to use stitndard flanged fit- 
tiiifis. I'liuifjc iiniims sbonlil lie placed at inter- 
vals in tlif |>i]«'s wlu'ii .iiTi'weil fittings are iLsed, 
I" pRiviilc for rcaiiily discoi meeting them in case 
of all cral ions or n'|)airs. 

Pijie grcasi' d 
i-oni[Hnin(ls are ustil 
iiii; lip" tlie jiiints. Tliis ma- 
terial sJioiiM lie applif.1 to llio 
male thread.s <nik. When 
the tliroails u( the littings iire 

Tlg.Sit. Ra.llni.ir ■ eo'lt<ll with if, aS IS eomnuilllv J^Ir-SI. SwlngCheck 
Viilvv. 1 .1 1 - I "i VaU-e. 

(lone, the rmiiponnii is ptislieil 
into the fitting when the pipe is .serewed in. and, liecoming disen- 
giigwl, is likely to eaiise tniiilile later l»y chifiging pipes, etc. For 
flange fittings it is .lie practice with many lit- 

ters to use inside gaskets, 

ealleil, cut to come just 
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A tee with the outlet larger than the openings 



II the run, is known 
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as a bnllkrad tee. Tees with all three openings of the sume size are 
knovn us straujhi ti-es. 

It is far better fo use reiliu'in<i sockets or reihidiifj ellKiws ainl 
tei's, in place of straight tees with l)iis)iings. 

Hangers. Pij>es up ti> 4 inches diameter inclusive are cunimunly 
snspende*! by malleabie-iron Jiang- 
ers, one type of whidi is shown in 
Fig. 44, with a gimlet point on the 
rod, al»eam damp being substituted 





when I-I)eains are used in place 
of floor timbers. One form of 
adjustable hanger for laige pipes 
is shown in Fig. 45. 

Sleeves, etc. ^Miere pipes 
pass tlinnigh flttors and parti- 



tions, they arc cncascil in tube; 
with plates at iiixir and ceiling oi 
at walls, as the case may Iw 
One type t)f these sleeves if 
shown in Fig. 4(1. 

Where branches from risers pass fhn>ngh partititms, it is often 
ne<'essarj- to nse sleeves of elliptical .shape to provide for the e.\pansion 
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of the risers. Sleeves for mains passing through basement walls are 
generally made of pieces of wrought-iron pipe of the proper length, 
the diameter of tJie sleeves to be not less than \ inch greater than the 

pipe diameter if covering is 
omitted in walls, and 2 J inches 
greater if covering is continuous 
along the pipe. 

Flg.«0. I>:p<. cutter. ^y,^^^ ^,^^,^^ ^^.^ pj^^^j j^^ 

plastered walls, they should project a slight distance beyond the face 
of the plaster. When ceiling plates are made fast to risers, they 
should be placed at least I inch down from the ceilings, so that, 
when the riser expands, the ceil- 
ing plate will not be forced iiito 
the plaster. 

Valves. Valves for base- 
ment piping are commonly globe ^'^'^'' ^^p^-^ Gutter, 

or gate pattern, with rough l)odies and plain iron wheels (Figs. 47 
and 4S). Brass or composition body valves, with screwed tops, are 
generally use^l up to 2-inch size inclusive; and inyn body valves, with 

bolted tops, above that size (see 
Figs. 4S and 49). Both are made 
with renewable discs or seats. 

It is largely a matter of pref- 
erence which type of valve shall 
be used, though of course the 
straightway gate valves interpose 





the least resistance to the flow of 
steam or water. 

When the radiators are but 
little above the water line in the 
boiler, gate valves are frequently 
used on the returns to insure an 
easv flow of the water. 

It seems hardly necessary to 

point out that a globe valve should be connected in the j)ipe with its 

stem horizontal, to avoid the water j)ocket which occurs when the 

stem IS vertical; nevertheless fitters frerjuently overlook this point. 

vSeveral patterns of radiator valves are sl\own in Figs. 50, 51, 



FlK- 62- Solul Dio. 
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52, and 53. These valves are of brass or composition, rough l)ocly 
nickel-plated, have wood wheels, and are provided with a union. The 
angle valves are commonly used on first-floor ratliators, those on floors 



I 
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Fit;. 63. SttK'k for Solid Dies. 

al)ove having offset or corner offset, offset globe, or straightway gate 
valves, according to the type of radiator and the arrangement of con- 
nections to provide for expansion. 

In public buildings, the wheels are often omitted and lock-shields 
substituted, the valves being operated l\v a key. 

A swinging-check valve is shown in Fig. 54. This type, if prop- 







Fij?. 6i. Adjustablf Dio aurt Slock. 

erlv designed, works the easiest of any, and should be u.sed in prefer- 
ence to other types when radiators are placed but little above the 
water line in the boiler. 

Air- Valves. Numerous patterns of air-valves are on the market, 
some, like Fig. 55, in a general way, being fitted with a union for air- 
line connections leading to a convenient point of discharge in the base- 
ment. Such valves prevent the escape of steam, because of the ex- 
pansion of the composition pVjg, which closes the opening when steam 
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comes in contact with it. Air and cold wiUer, huwevcr, arc permittedl 
to escape. 

The general type of air-valve shown in Fig. 56 is frequently u 
'Daily nuKlificutioa'i til tliis valvi> li[i%Hiig \>evn manufactured. Thcs 




Fig. IB. AdJuslaljIrnicandScofk. 

valves, as a nile, have nn air-line connections, Itut discharge their a 
into tlie rooms; n somewhat objectionaWe feature, 'lliey close wheOi 
steam enters them; and if water rinds its way in, the Hoat Is raised andJ 
closes the outlet. 

Air-valves for direct radiators lutve a verj- small opening for ihel 




Fig. ea, Hiind Power Pli>e Miu--lillio. Klg- «'. l)«lt p.iirer Pipe HuhlDA, 

dischar^ of air, scarcely larger than a pin-hole; and while these do 
very well for small units, they are not satisfactory for lai^e o 
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large fjnmps of indirect nidiators, hfcuiisi' of llic excessive tiuie re- 
(jiiiretl to relieve them fiinn iiir. For siicli Iientiiif; surfaces, a iy\x »f 
jiir-Viilve witli a niiich lai^cr npciiinn .shufiM 1-c selirttnl, to pritvidc 
for venting tlie raiiiators or coils more qiiickh". 

Several tyjws of vacunni air-vulvcs liave l>een invented, (iesigned 
to permit the escape of iilr fnim the ra<liiitors, hut to prevent its re- 
entry. If they remain ti^^hl, the steam healing system may be run in 
iniki weather with a pres- 
snre beUtw that of the ;il- 
niosphcre, ami the ra(li:Ll;)r 
kept at a temperatinv lie- 
iuw 2ffl)°. 

Pipe-Fitting Tools. — 
Vise anil Bench. AVlicn a 
jol> is startol, the fir>t 
things needeil are vi.se ami 
l)ench. Tile latter slionlil 
l>e firmly eonstructcd, anil 
rigidly held in place, the 
vise to lie Itrnily seciiRil In 
it by thrtnigh l,>olts. 

On a good-sized piece 
of work, it is well t" have 
both a pipf rhr and a pal- 
jaw riac, the.'ie bc.-iig illus- 
trated in Figs. .'i7 and TiS. 
A heavy a.v<-r should he ""'"'"^ " 

fnniLshed over the screw of the flat-jim 
for bending, pipe, the end of which is p 
to the bench. 

Fig. .'lO illuslrjites a conibinati.in of : 
.-)7 and .-.S. making .i v.tv ii.efnl t<«.l. 

Pipe Cutters. Theic aiv several kinds of pipe <'iitters on the 
market, maile with one or more cutting wheels hehl in a frame. All 
aiakes of nitters arc opcrateii in practically the same way, by forcing 
the cutting wIiih'Is into ihe pipe by means of a screw handle. One- and 
three-wheel cutlers are shown in Figs. (10 and (il. The one-wheel 




to provide a bearing 
llmiugh a ring Iwilte*! 

, vi^es shown in Figs. 
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nitttTH nrc made in .sines fur l-iiicli ti> ^t-iix-li pipe; ami the 'hree- 

wlifel ttuters, for i-incli ti) S-iiich l)il«'. 

Stocks and Dies, 'i'lu' st-viTiil forms of liies aii<l stocks on the 
iiiiirket itiiiy he divided into 
two classes — the solid die and 
the (idjuniahlr die. The solid 
; shown in Fig. C2, and b 
nsiil for cutting both right- 
hand iiiid li-ft-liand threads, 
'i'hf stock in whieh solid dies 
lire iisihI is shown in Fie:. 63. 
Ailjiistiihle dJe,s and storks are 
shown in FifTs. 64 and 65. 
'I'liesf dies niiu' I)e adjusted to 
<'iil a deep or a shallow thread. 
It is necwsan- at times to cut 
sui'li llireads, as the fittings 
uiiule liv <lifTerent manufac-- 
liirei's iire not ulwavs tapped 
alike. To make g<^ joints, 
the ihixMds mu.st make up 
lii;hl when they are screwed 
itU;p llic lilting. 

'i'alile IX shows the a|>- 
I into (ittings to make a 




)i])c:^ irnist In- 



TABLE l\ 
- [jislancc lo Screw Pipen into Plttinss 
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In all fonns of stocks, whether for solid or adjustable dies, a 
bushing or guide must be used in the stocks to guide the dies straight 
onto the pipe. It is necessarj' 

that the guides for the different Ct^^^q — , — '"^^^^ 

sizes of pipe should fit each size 

of pipe as closely as will allow ''*"«^- i^'i><^T«nK^- 

the guide to revolve on the pipe freely, '^riie guitles should fit the 
stock as tightly as possible, or a crooked tliread will very likely l)e cut. 

IMentv of mxxl lard oil or cotton- 
s(»ed oil should be used when cut- 
ting pipe. The dies must be 
sharp, to make good joints; and 
when they are changed in the 
stocks from one size to another, 
all chips of iron and dirt should i)e cleaned off the dies and bwt of the 
stocks, as a small chip under <lies, especially under one of a set of ad- 
justable dies, will either 

cut a crookwl tliread or ^ ^ 

strip it. 

Stocks are made in ^^^« '^ (ham Tongs. 

sizes from i inch to 4 inches. The small-size stocks and dies com- 
monly carried in pipe-fitters' kits are made to thread pipe fnmi J inch 
to"! inch inclusive, right-and left-hand; and a larger size to thread 
pipe from 1 inch to 2 inches inclusive, right- and left-hand. A larger- 
size stock is used to cut j>ipes over 2 inches in diameter. 

There are a number of hand-power pipe machuies on the market, 



Fig. TO. Adjnsiabh' Pipo Tonics. 





1''1k. Te. Chain Tongs. 

which are very convenient (\specially for cutting and threading pipe 
2V inches and over. Several makes are shown in Figs. G(), and 
OS a and OS h. 

Pipe Tongs. Plain tongs, like all other tools, nnist be kept shaq) 
and in good order, to do g(M)d work. Many fitters object to tongs 
because they have to be sharpened v(M*y often, and also liecause they 
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have to cam- at least one pair of ton^s for each size of pipe; they prefer 
an adjustable wrench which will fit several different sizes of pipe. 

^I^here is one advautage 
in the tongs; that is, they 
can he worked in places 
where it would be im- 
Fi.' r.i PiiH. wniuh. possible to use a wrench, 



C 





3> 



rig. 71. PiiM' WrtMich, 




such as making up pi|>c in coils, close corners, etc. Tongs should be 
made in such a way tlmt when tlicv are on tiie pipe, the handles will 
c*ome close enough to;:ctluT to al- 
low them to be grii)pcd in one 
hand (set* Fig. (il)). 

AdjwstalAr tongs (Tig. 70) 
are made" to Ml scleral siz(\s of 
pipe, the most common sizes u.scd being for jj-inch to 1-inch to 2-inch, 
an<l for 2j-inclrto I-inch. 

Chain tongs are 
made in all sizes and in 
several forms for from 1- 

inch up to 10-inch pipe. 

Fiu'.T.-.. wmichfornras.nrNi.kir.i'i..cii'iiH.. Some makers furnish 

tcmg-; with tli(* handle and jaws in one* ]):<'ce. Others have the jaws 
rcmovab!(\ Still otlicrs lia\(^ tlic jaws ^.o arranged that they can be 
removed aiul rcvcrs(vl. 
See Figs. 71 and 72. 

Pipe Wrenches. Sev- 
eral types of iidjustablc 
wrenches arc .sliown in 

1 iir>. / •) anu m. i iiv>( 

wrenches will do gocMJ wnrk it* used as WiCncluN on thesi/.e pipe tliey 
arc intendt^l for. Some nun wlio ]i:;\ e litj!(* legard for tools use on a 

2-in(li pipe, for example, a 
v.icndi whieji is made to take, 
s.i' , not o\(M' 1-ineh j>ipe, the jaw 
< i' I lie wrench being (wtended as 
l.ii' a>; pos-^ible, and j)robablv be- 
ing licld by only a few tln'ea-Nof t!;e adjusting screw, a piece of pipe 

2 or o feet long often being used on ilie handle of the 'wrench to 
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FiK- '^^- I'^lM'n-Eiul "VVreurh. 



increase the leverage. After such usage, the wrench is of little value. 

At times men will use wrenches in such a wav as to make the strain 

c*ome on the side, with the result that the 

wrench is badlv strained if not broken. 
The above described wrenches are 

used on wrought-iron pipe. For brass 

or nickel-plated pipe, wrenches like those 

shown in Figs. 75 and 7() should be used; otlicrwise the pipe wuU be 

marred and rendered unfit for use in connection with first-class work. 
One of the handiest all-round tools is the monkey ivrcnch, shown 

in Fig. 77. Open-end wrenches, illus- 
trated in Figs. 78 and 79, are very handy 
tools, especially for use on flange fittings. 
Wrenches for lock-nuts are made about 
the same tos above, ojily they are larger. 
The refuni'hend irreneh is a very 
handy tool, and can be made by any 

good blacksmith. It is used principally on coil work, and is made 

of heavy bar iron, as shown in Figs. SO and SI, in which two forms 

of this type of this wrench are shown. 

Another handy tool is what is sometimes called, for want of a 

better name, a spud ivrcneh. This is simply a piece of flat iron al)out 




Fig. 73. Op(.*n-Kna Wromh. 



c 



1 



:^^^^=^ 



Fi^. N). Ucturn-IkMUl Wroiuh. Fi^'. Hi. Ki-tnrii Hi'iul Wrench. 

10 inches long and made to fit the spuds of the unions of different 
sizes of union radiator valves and elbows (see Fig. S2). 

Pliers. For small work, pliers may be used to advantage*. Com- 
mon and adjustable types are shown in Figs. S3 and Si. 
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Fig >«•:. Si)ii.l Wniuh. 

Drills, Reamers, and Taps. I'ipc drills, illustrated in Fig. 85, 
are made slightly smaller for a given size than the taps illustrated in 
Fig. 80. A reamer like the one shown in Fig. 87 should be used to 
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start the tap, which sliouUl never l)e haminereil in order to start the 
threads. 

Fig. SS shows a conilnned drill, reamer, and tap. Fig. 89 shows 
a pijx* reamer for taking the burr from the ends of pij)es. 






Fik'. K'). riiH-Dril. 



Fijr. W. ('ninni<»n Pliers. Fi^'. 81. Ailjustable Pliers. 

A ratchet drill is illustrated in Fig. 90 and a breast drill in Fig. 91. 
Fig. 92 shows a handy tool for drilling pipe flanges which from any 
cause caiuiot he drilled in the shop. 

Figs. 93, 91, 90, and 9G show cold, 
3> cape, diamond poiutj and rowid-nose 
chisels respectively. 

A good pattern pean hammer is shown 
in Fig. 97 a; and a brick hammer is representeil by Fig. 97 h. 

Miscellaneous. Kverv fitter's kit should contain inside and out- 
side calipers; a good yet of bi1,s {-inch to 1-inch; bit stock; augers 1 J- 
inch to 2-inch ; sa irs ; files ; pi umi}-l)()b ; g i miet 'J a m p; oil can; steel square; 
(ape measure', etc. 

HOT=WATER HEATING 

Heaters. II(>t-water heaters — or "boilers," as they are some- 
times miscalled-are so nearly like the cast-iron steam boilers pre- 
\iouslv illustrated, that it is unnecessarv further to descril)e them here. 

Some makers use the same patterns for both steam boilers and 
hot-water heaters, wliile 
others use a hiirher boiler 
for steam, giving more 
space above the water line. 

Practical! V the same 
rules should l)e followed in n-. ho. iMpt-Tap. 

selecting a hot-water licatcr as those laid down for steam boilers. 
Although a hot-water heater is a trifle more ciHcient than a steam 
lM)iler — that is, more of the heat in the coal is transferred to the 
water, owing to the temperature of the latter being 40 degrees or 
more lower than in a steam lK)iler— nevertheless, practically the 
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Fig. 87. Reamer. 



same size of hot-water heater or steam iK^iJer is re(]uire(l to heat a 

given space. 

It is well to equip the heater with a regulator, of which a number 

of good ones are manufactured, 

in order to control the drafts 

by variations in the temperii- 

ture of the water, the regula- 
tor being set to maintain any 

desired temperature in the 

flow pipe. 

Capacity of Heaters. Hot-water heater capacities are based, as 

a rule, on an average water 
temperature of 1(>0° in the 
rtodiators, when placed in 
rooms to be kept at 70° F. 
If the closed-tank sys- 
tem is used, the radiator 

temperatures may Ik* 220° to 230° or more; hence, if any attention 

is to l)e given to the manufacturers* heater rating, the radiation must 

be reduce<l to the e(|uivalent radiation in heat-emitting capacity of 

radiators at 100°. 

Tliis is very easily computed, since the heat given off by a radiator 

is proportional to the dilTerence in 

temperature between the water in the 

radiator and the air surrounding it. 

This, in the first case, i^ 100° less 70°, 




Fig. 88. Comblnetl Drill, Reamer and Tap. 





Fig. 89. Pipe ReamtT for Taking lli(» 
Burr from Knds of 1»1ih'. 




Fig. 9(). Ratchet Drill. 



or 90°; and in the other case, say, 225° less 70°, or 155°; that is, one 
foot of radiating surface at 225° will give off VV' ^^ ^'^^ 1^^^^ given 
off at 160°; therefore, a job with 900 square feet, for example, at 225° 
would be ecjuivalent in heating 'power to V,,^ X 900 « 1550 square 
feet at 160°, and a boiler with the higher rating would be required 
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It is always well to check the boiler rating as explained undw 
"StKun llcuting." extvpt tliat in hot-water heating only 150 heat units 
are ■allowe<I per hour (ler 
s(|iiare foitt of radiating 
surface. 

Of the heat given off 
hy tlie colli, It is safe to as- 
Hinne that N(KX) heat units 
]>er ]x>und are transferred 
ti> the water in the heater, 
Suppose there are 900 
sfpiure feet of radiation on 
the y,h. Add J to cover 
tile loss of lieat from pipes; 
total = 1200 s(]iiare feet. 
/Vssuine that in coldest 
weather 5 ]M>iiiids of coal 
Fi«9i, i.r..aH<uriii. j,^,, ,^^,riied per hour on 
each scjuarc f(H>t of >:ratc; tliiit is, ."> x ^itKN) - -10,(XK) 
heal iinils art- transferred tu the water in the heater. 
The lieat given off jxr hour hy the radiators and 
pi(>cs is 1200 X l.'iO-=l,S(l,niM) heat miits. This, di- 
vidc.1 l.y ■JO.tHH), (he heat utilized ]>er square fmit of 
grate, iiinal.s 4-5 .s<|iiaiv feet of grate requirt-il. 

Some jmlgmeiit is necessary hi nssmmiig the 
rate of comliiistion; but this varies fnHU almut 3 pounds per square 
fiMit of grille per Imur in small heaters, to 7 or S in larger ones, 
operated liy a regular attendant. 

HOT-WATER RADIATORS AND VALVES 

Hot-water radiatoi-H have top and iKittnm nipple connecticms, as 
shown in Fig. 31, I'art II (Heating and Ventilation), A hot-water 





Fig.n. Tool tar 
DFUiing pipa 



radiator may Iw used for .steam, hut a steam radiator cannot lie used 
tor hot water. The valve'may lie placed at the top oi' tlic bottom — it 
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matters little which; it is, however, more convenient, though more 
unsightly, at the top. The circulation will l)e practically as good when 
ihe valve is located at the bottom. One valve is all that is necessarj'. 
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Fig. 94. Cape Chisel. 



and this may be.st l)e of the quick-opening pattern, a partial turn 
being all that is necessary to open or close it (see Figs. 44 and 45, 
Part II, Heating and Ventilation). 




31 



Fig. 05. Diamond-Poiut Chis«'l. 



A union elbow is generally connected with the return end of a 
radiator (see Fig. 40, Part H, Heating and Ventilation). 

Key-patfern air-valves are more frequently adopted in hot-water 
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Fig. Oi\. Kound-Xosc Chisel. 



heating than are any types of automatic valves. They do not have to 
be o|>erated often; hence the p()])ularity of the simple and reliable air- 



cocks like those shown bv Fig. 1)<S. 





Fig. 07 a. I't'an Hammor. 



Fig. J»7 b. nritk Hammer. 



Direct-indirect lit)t-water radiators are seMom used, owing to 
the danger from freezing in case they are thoughtlessly shut oiF. 
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Iiulirec't radiators should be of a deep pattern — say, 10 to 12 

inches, or even more for use 
with outdoor air in a severe 
climate. These radiators give 
ofF far less heat per square foot 
tiian is emitted by steam radia- 
tors; hence they should be deep- 
evy to bring the air up to proper 
temperature. 




Fltf. W. Air Cook. 



HOT-WATER PIPING 

Heater Connections. Where only one heater is used, the con- 
nections are practically the same as for steam heating, except that no 
check-valves are use<l. 

Where two boilers are to be connected and arranged to be run 
iuile{H?n(lently or together, valves must be inserted somewhat as shown 

Main Return 




Fl^r. 09. Arranfcemont of Valves for Two Boilers which are to Run 

ludepemleutly ur Togethor. 

by the plan view represented in Fig. 99. It is important that safety- 
valves be used with this arrangement, as, in case one boiler is shut 
down and then fired up without opening the stop-valves, the pressure 
due to- the expanding water will burst the heater. 

Single-Main System. The single-main system, arranged scnne* 
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what like the circuit system in steam heating, is sometimes employed 
for hot-water heating. Fig. 100 shows the arrangement of this sys- 
tem. The supply branches are taken from the top of the main, where 
the water is hottest; and the 
returns are connected at the 
side, the cooler water pass- 
ing along the lower portion 
of the pipe back to the 
heater. On sj^stems of con- 
siderable size, this arrange- 
ment ' of piping causes the 
water in the supply main to 

I • 11 * xi !• Fig. 100. Slncle Main Svstem. 

cool more rapidly as the dis- 

ance from the heater increases than in systems where the supply and 

return water are kept separate. 

Two-Pipe Up-Feed System. With the two-pipe up-feed system, 
the pipes should be pitched up from the boiler 1 inch in 10 feet, if 
possible. Pockets in which air can collect must be avoided, as air 
will cut off the flow as much as a solid substance in the pipe would do. 

In the basement, the branches near the boiler should be taken 
from the side of the flow main, in order to favor the branches farther 





fS! floor Radiator 



Fig. 101. Two-Pipe Up- Feed System. 

away, which should be taken from the top of the main. First-floor 
radiators should be given the preference, as to ease of flow in their 
connections, over riser connections with the flooi's above. If possible, 
feed the last first-floor radiator on a line before branching to riser. 
Fig. 101 illustrates the above points. 
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Keep tlie inuiiis near the ends of loii)^ runs ample in size, even if 
soinewlmt lurtier lliaii slateil in tlie (able, if runs are long and crooked. 
No cliant'i-s .should he taken iit rcpanl to insuring the proper circulation 
of water in tln> syslum. Vat' no horizontal pipe" smaller than IJ-inch. 

Iletuni mains pitch in the sume direction us the flow pipes, and 



■floor 





Flow /nief 

PlB-llK. C.imHi-llmisI.TKPtuni Mains. Fig. 103. Distrlbatlllff Fittings 

are generally palpctl with them, the connections being made on the 
side as shown in H;;. 102, or at an angle of 4.3 degrees. 

The risers shonlil Itc arrangeil to favor the radiators on the lower 
lioors, siniv the water tcnils to rise and pass bv the lower radiators. 
Distributing fittings, as shown in 
Fig. 10:{, are often used for this 
pur[JOsc, or the pipes may he ar^ 
ranged as shown in Fig. 104. 
Sonic labor is saved by the use 
of the sjKvial fittings described. 
ver he ad-Feed System. 
Where attic space is available, 
the overhcad-fewl syst^n pre- 
sents certain advantages over the 
two-pipe ni)-fee<l method of pip- 
^ arc uscil, these sening for both 
iitcnn;; the tup of the radiator and 
fIov\in^ 1 uk nito tin -.niic u-cr fruni the lower opening in 
tilt ridiUor No air\d\(s are necessary, all air passing up 
tilt nstr. mil out thnmgli the \cnl, on the expansion tank. The 
o\erhtad mania an. connttted with a ri.sing main laige eaotlgh to 
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supply all the surface; these mains may be run around the building 
near the walls, as in the one-pipe steam circuit system; or may l>e 
carried down the middle of the building, with long branches extending 
to the risers near the walls, it being assumed that the radiators will be 
located near the exposed parts of the building. 

The mains and branches should pitch down toward the risers, 
permitting the air to escape freely to the expansion tank (see Fig. 105). 

Special care should be used in hot-water heating, to secure an 
easy flow. The ends of the pipes should be reamed, and long-turn 



Vent Through /?oof\ 




Down Feed Riser 



Fig. lOT). Showing the Mains and Brandies Pitched Down Towards tlie Risers. 



fittings used for first-class work, although, if the piping is generously 
proportioned, standard fittings will answer. A hot-water thermome- 
ter should always be placed on the boiler or near it, in the flow-main. 

Radiator Connections. For direct radiators, the connections are 
commonly 1-inch for sizes up to 40 square feet ;*1 {-inch, for sizes of 72 
square feet; 1 \-inch to 2-inch for sizes larger than 72 square feet. On 
floors above the first, the connections mav be made smaller if the hor- 
izontal runs are short, the sizes to conform to table. 

Expansion-Tank Connections. About the simplest arrangementof 
expansion-tank connections is shown in Fig. 106. The expansion pipe 
\& commonly connected with a return line in the basement, there being 
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less likelihood of the water boiling over in case of a hot fire with this 
arrangement than when the expansion pipe is merely an extension of a 
supply riser. There must be no valve on this pipe, as its closure 
would almost certainly result in a bursting of some part of the system. 
Great pains must l>e taken to guard against the freezing of the 

expansion pipe. If there is any danger what- 
ever, a circulating pipe should be added, as 
shown, this pipe being connected with one 
of the flow-pipes or supply risers, to insure a 
continuous circulation. 

Open-Tank versus Pressure System. The 
open-tank system, although having its disad- 
vantages, is generally to be preferred to the 
pressure or closed-tank system. With the 
open-tank system, the water cannot get much 
above 212° at the heater, without boiling in 
the expansion tank and blowing part of 
the water out of the system, causing, mean- 
while, objectionable noises in the system. On 
the other hand, the open expansion tank into 
which the water can freely expand when heated 
is the best possible safety device to prevent 
overpressure. 

With the clostnl-tank system, a safety- 
valve is used. If it operates properly, well 
and gocxl; otherwise an element of danger is 
introduced, and, in case an excessive pressure 
is developed, the heater becomes far more dan- 
<;erous than a steam boiler, owing to the much 
greater volume of water in the system. 
With this svstcm, two safetv-valvcs with non-corrosive seats 
should be us«l, unless some well-tested device of demonstrated merit 
designed es])ecially for this puq>ose is adopted. 

The advantage of the closed-tank system is that smaller radiators 
may be used, since they can be heated as hot with water underpressure 
as thev would be if heated with steam. 

When full street pressure is applied to a system, and no ex- 
pansion tank is used, the radiators are subjected to an unnecessary 




Fijr. lew. Kxj)ansl(.ii 
Tank Connections. 
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strain; and in case of rupture in any part of the system, much greater 
damage results than would be the case with an open-tank system. 

System of Forced Circulation. In extensive system^ the water 
is kept in circulation by pumps, which arc capable of producing a 
much higher velocity in the pipes than could be secured by gravity. 
This system is used principally in connection with power plants, the 
water being heated in tubular heaters, by means of the exhaust steam 
from the engines. Much smaller supply mains may be used in this 
sj^stem than with steam heating, because of the greater capacity of 
water for carrying heat. On the other hand steam returns are 
smaller. 

Table X gives the capacities of expansion tanks : 

TABLE X 
Radiation Capacities of Expansion Tanks 

DlIlECT RADTATINO SURPAt'E 
TO WHICH Tank LS ADAPTED 

200 sq. ft. 

450 " '' 

700 " " 

1000 " '' 

1400 " '* 

1900 " " 

2400 " *' 

2900 " " 

COMPUTING RADIATION 

Computing Direct Radiation. The process of computing hot- 
water radiating^urface is precLsely the same as that explained for ascer- 
taining the amount of steam radiation required for a given csise, with 
this important exception : the hot-water radiators give off only alx)ut 
\ as much heat per s(iuare f(x>t as is emitted by a steam radiator; 
hence calculations must be based on an allowance of 150 heat units per 
square foot of direct radiating surface per hour, instead of 250 heat 
units used in connection with steam-heating work. 

It has been stated that direct-indirect hot-water radiators are 
rarely used. In case, however, it is desired to compute the amount 
of this class of radiation for a given service, proceed as explained for 
steam heating, but allow only f as much heat emitted per square foot 
as that given off by steam radiat'"'*s. 

Computing Indirect Radiation. With indirect hot-water radia- 
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tion in connection with the open-tank system, the radiators must be 
deeper than for steam heating, in order properly to heat the air. 

The greater depth retards the flow of air; and since the water is at 
a much lower temperature than steam, the heating capacity of indirect 
extended-surfa(*e hot-water radiators should be taken at not far from 
300 heat units per s(juare foot per hour, as against 400 or more heat 
units for indirect steam radiation. 

'^I'o compute the amount of radiati(m re<iuired, proceed as ex- 
plaintnl for indirect steam heating; that is, compute the amount of 
direct radiation as pointed out under the preceding heading, then add 
not less than ()0 per cent to this amount, to ascertain the indirect radi- 
ating surface retjuired. 

This method, though perhaps crude, has the advantages of being 
simple and of affording a check on the work, since one soon knows 
by experience al)0ut what the ratio should be to heat a room of given 
size by direct radiation. For example, take a room with 3000 cubic 
feet, to heat which the ratio for direct radiation should be, say, 1 square 
foot to 30 cubic feet, giving a lOO-scjuare foot radiator. Adding 60 
per cent for indirect radiation, gives 100 scjuare feet, or a ratio of 1 
s(]uare foot to a little less than 20 cubic feet of space. 

Indirect hot-water radiators with extended pins or ribs will, with 
the open-tank system, give off not far from 250 to 300 heat units per 
hour per sijuare foot of extended surface. 

DUCTS AND FLUES 

Areas of Ducts and Flues. \Vhcn indirect radiation is installed 

primarily for heating, ventilation being a secondary consideration, 
it is desirable to make the flues somewhat smaller in proportion to the 
heating surface than is done with steam heating. If the flues are made 
too large, the flow through the radiators will be too rapid, and the air 
will not get hot enough. It costs far more in fuel to heat with a large 
volume of moderatelv wanned air than with a smaller volume of hotter 
air. 

Duct and flue proportions for hot-water heating should be approx- 
imately as follows: — Cold-air ducts, J to 1 sq. in. per sq. ft. of in- 
direct radiating surface; first-floor flues, 1{ to 11 sq. in. per sq. ft.; 
second-floor flues, 1 to 1 { sq. in. per s(j. ft. ; third-floor flues and above, 
f to I sq. in. per sq. ft. of surface. 
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The backs and sides of flues in exposed walls should be covered 
with nen-conducting material. 

Flue Velocities. The flue velocities will be somewhat lower than 
with steam heating, because of the lower temperature of the air. 
Reasonable allowance would be 250, 350, 400, and 450 feet per minute 
for the first, second, third, and fourth floors respectively. 

Heating Water. The size of heater or steam coil necessary to 
heat water may be very readily detennined on the heat-unit basis, if 
one knows the volume of water to be heated, the number of degrees 
its temperature is to be raised, and the time during which the heating 
must be done. 

For example, what size of heater would be required to heat 300 
gallons of water in 6 hours from 60° to 160°? 

In one hour 50 gals, would be heated 100° F.; and since one gal. 
weighs 8J lbs., 50 X 8J X 100 = 41,667 heat units would be required. 

Small heaters may be counted on to transmit to the water about 
7000 heat units per pound of coal burned. The rate of combustion 
should be assumed to be from 3 to 6 pounds per scjuare foot of grate 
per hour, according to the amount of attendance it is convenient to 
give. 

With a 4-pound rate, 28,000 heat units would be furnished per 
square foot of grate surface per hour for heating the water. Therefore 
the heat units per hour nece^ssary to raise the temperature of the w ater — 
r/2:., 4 1,667— divided by 28,000, gives the number of square feet of 
grate surface required, which is equal to about 1^ corres|)onding to a 
diameter of 16i inches. 

To determine the size of steam boiler and coil required to heat a 
large volume of water in a tank, proceed as follows: Take, for ex- 
ample, a 24,000-gallon tank, the water in which is to be heated from 
45° to 75° in 10 hours. Now 24,000 gals. X 8 J pounds X 30° rise in 
temperature = 6,000,000 heat units, or 600,000 heat units per hour. 

Assuming 8000 heat units to be utilized per pound of coal burned 
at, say, a 7 i-pound rate, one square foot of grate will supply 60,000 heat 
units per hour; hence, 10 square feet of grate surface will be required. 

There will, however, be a certain loss of heat from the tank by 
radiation, conduction, and evaporation; therefore, not less than, say, 
12 s(}uare feet should be used in order to provide a reasonable margin. 

As to the size of steam coil required, a square foot of pipe surface 
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surrounded bv circulating water may be assumed to transmit to the 
water not far from UK) heat units per degree difference in temperature 
l)etween the steam and the water in contact with the pipe. 

Assume the steam temperature to be 230°, corresponding to a 
trifle more than 5 {xnuids gauge pressure. WTien the water in the tank 
is cold, the condensation of steam in the coil will be much more rapid 
than when the surrounding water becomes warmer. The average 
temperature of the water during the 10-hour period is 60*^; but the 
water leaving the pipe and in contact with the upper half of its surface 
is at a considerably higher temperature than the main body of water 
in the tank; therefore, with natural circulation, it is well to make ample 
allowance for the effect of this skin of warm water surrounding the 
steam coils, and to assume that they will not give off more than f as 
much heat as that corresponding to the difference in temperature be- 
tween the steam and the water in the tank, bjised on 100 heat units per 
degree difference as stated above. 

In other words, allow only G()j{ — or, in round num!)ers, 70 — heat 
units per hour per degree difference in temperature betvt een the steam 
and the water in the tank. 

If the (HfFcrence in temperature is 230^-70° = 160°, on the 
basis stated, one square foot of coil would give off 70 X 160 = 11,200 
heat units per scjuare foot per hour; and since 600,000 heat units must 
be supplied to the water, a 53-s(]uare foot coil or slightly larger would 
be required, e(|ual to about 122 ft. of l}-inch pipe. 
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METHODS OF WIRING ^ \ ' 

The different methods of wiring which are now approved by the 
National BoanI of Fire Underwriters, may l)e classifies! under four 
general heads, as follows: 

1. WlHES Kr\ COXCEALEI) IN' CoNDriTS. 

2. WiRKS Kr.N I.V MoCLDIXG. 

3. CoNCKALEi) K\()H AM) Tthk Wihinm;. 

4. WiHKs Krx Exposed ox Ixsilatohs. 

WIRES RUN CONCEALED IN CONDUITS 

Under this general head, will be included the following: 

(a) Wires run in rigid conduits. 

(/>) Wires run in flexiMo metal co-idiiits. 

(r) Armored cable. 

Wires Run in Rigid Conduit. The form of rigid metal conduit now 
used almost exclusively, consists of plain iron gaspijH* the interior sur- 
face of which has been prepare<l by removing the scale and by remov- 
ing the irregularities, and which is then coattnl with flexible enamel. 
The outside of the ])ipc is given a thin coat of enamel in some cases, 
and , in o t h e r 
cases, is galvan- 
ized. Fig. 1 
shows one make 

• ' 1 / Fi.iC- 1. Kij,'iil Knaimlod CoiKluit. riiliin'd. 

OI enameie<l (Un- Cnurttxy of American Conduit Mfg. Co., Pittshtiry, Pa. 

lined) conduit. 

Another fonn of rigid conduit is that known as the annorcd cnti- 
duit, which consists of iron pipe with an interior lining of paper 
impregnatcHl with asphaltum or similar compound. This latter form 
of conduit is now rapidly going out of use, owing to the unlintHl pipe 
being cheaper and easier to install, and owhigalso to improvt^l methods 
of protec*ting the iron pipe from corrosion, and to the intnxluction of 
additional braid on the conductors, which partly com|)ensates for the 
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pi|H» iRMijg unlincHl. 'Vhv iiilnxliiction of improved devic*es — such as 
outlet insulators, for j)n)tiH-ting the eoiuluetors from the sharp edges of 
the pil)e, at outlets, cut-out cal)inets, etc. — also decreases the neces- 
sity of the additional protection afTonle<l hv the interior paper lining. 

Rigid Conduits are made in gjispijx* .sizes, fmm one-half inch to 
thrc»e inches in diameter. The following table gives the various data 
relating to rigid, enameled (unliiuMl) conduit: 

TABLE I 
ki^icid, Enameled Conduit Sizes, Dimensions, Etc. 
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Tables 11, 111, and IV give the various sizes of conductors that 
mav he installed in the.se c(mduits. Cauticm must be exercised in 
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TABLE III 
Two Wires in One Conduit 
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TABLE IV 
Three Wires in One Conduit 
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using these tables, for the reason that the sizes of conductors which 
may l)e safely installetl in any run of conduit depend, of course, upon 
the length of and the number of bends in the run. The tables are 
based on average conditions where the run does not exceed 90 to 100 
feet, without more than three or four bends, in the case of the smaller 
sizes of wires for a given size of conduit; and where the run does not 
exceed 40 to 50 feet, with not more than one or two l^ends, in the case 
of the larger sizes of wires, for the same sizes of conduit. 

Unlined conduit can be bent without injurj^ to the conduit, if the 
conduit is properly made and if proper means are use<l in making the 
bends. Care should be exercised to avoid flattening the tube as a result 
of making the bend over a sharp curve or angle. 

In installing imn ccmduits, the conduits should cross sleepers or 
beams at right angles, so as to nxhicc the amount of cutting of the 
beams or skej)ers to a minimum. 

Where a number of conduits originate at a center of distribution, 
they should be nm at right angles for a distance of two or three feet 
from the cut-out box, in order to obtain a svnnnetrical and workman- 
like arrangement of the conduits, and so as to have them enter the 
cabinet in a neat manner. While it is usual to use red or white lead 
at the joints of conduits in order to make them water-tight, this is 
frccjuently umiecessar}' in the case of enameled conduit, as there is 
often sufficient enamel on the thread to make a water-tight joint. 

When iron conduits are installed in ash concrete, in Keene 
cement, or, in general, where they are sul>ject in any way to corrosive 
action, they should be coated with asphaltum or other similar protec- 
tive paint to prevent such action. 

While the cost of circuit work nm in iron conduits is. usually 
greater than any other method of wiring, it is the most permanent 
and durable, and is strongly recommended where the first cost is not 
the sole consideration. This method of wiring should always be 
used in fireproof l)uildings, and also in the better class of frame build- 
ings. It is also to be rcconnneiKkHl for exposed work where the work 
is liable to disturbance or mechanical (himagc. 

Wires Run in Flexible Aletal Conduit. This form of conduit, 
shown in Fig. 2, is described by the manufacturers as a conduit com- 
posed of ''concave and convex metal strips wound spirally upon each 
other in such a manner as to interlock several concave surfaces and 



204 



ELECTRIC WIRING 




1 ig,. ». 



FlPXlblo Storl Couailit. 
Courtesy of tSUrlintj KUctric Co., Tmi/, X. Y. 



present their convex surfaces, both exterior and interior, thereby 
securing a smooth and comparatively frictionless surface inside and 
out." 

The field for the use of this form of conduit is rapidly increasing. 
Owing to its flexibility, conduit of this type* can l)e used in numen)us 
cases where the 
rigid conduit 
could not possi- 
bly be em- 
ployed. Its use 
is to be recom- 
mended above 

all the other forms of wiring, except tliat installed in rigid conduits. 
For new fireproof buildings, it is not so durable as the rigid conduit, 
because not so water-tight; and it is vcrj' difficult, if not impossible, 
to obtain as workmanlike a conduit svsteni with the flexible as with the 
rigid type of conduit. For completed or old fninic bm'ldings, however, 
tlie ur,e of the flexible conduit is superior to all other forms of wiring. 

Table V gives the inside diameter of various sizes of flexible con- 
duit, and the lengths of r.tiindanl co.is. Tlic inside diameter of this 
conduit is the same as that of the rigid conduit; and the table given 
for the maximum sizes of conductors which mav l)e installed in the 
various sizes of conduits, may l)e ustxl also for flexible steel conduits, 
except that a little more margin should be allowe<l for flexible steel 
c»onduits than for the rigid conduits, as the stillness of the latter makes 
it possible to pull in slightly larger sized conductors. 

TABLE V 
Greenfield Flexible Steel Conduit 
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This conihiil slioiiUi, of course, be first installed without the con- 

thictors, in tlie siino nuinner as the ri^d conduit. Owing to the 

flexiliility of tliis conduit, however, it is absolutely essential to fasten 

it securely at all cllMnvs, l)cnds, or offsets; for, if this is not done, con- 

^^^A^^^nggangM sidemble difficulty will be ex- 

J^jjl^^^^^^^^^^^^^^^ perienced in <lrawing the con- 

^B^* ductors in the conduit. 

^m The rules governing the in- 

^m stallation of this conduit are 

14 the same as those covering 

^B rigid conduits. Double-bntided 

riK.3. rs.-of F,ii".« nniujir"rr:i^tpniiiKFi.x- conductors are rM|uiped, and 

the conduit should be grounded 

as nx|uired \i\' tlic Cixh- Rules. As already stated, the conduit should 

l>c .sccnrcly fjislcncil (in not less than three places) at all elbows; or 

else (he sjieiia! ellnnv clamp made for dns purpose, shown in Fig. 3, 

.shoiild Im us.-.!. 

In iinler to cut (lexihlc steel conduit pm[M'rly, a fine hack saw 
.should he employed. Outlet-Inixe.-* are reijuired at all outlets, as well 
as Imshinfi and wires Ui rigid 
conduit. Fij;. 4 shows a coll 
of flcxihlc .steel conduit. Figs. 
n, f., and 7 show, n-spcclivcly, 
an outlet ln)x and cuver, outlet 
platc,jiii.I lin,slihigu.sc.l for (his 
conduit. 

AniiornI Cahlr. There 
arc many cases where il is iin- 
jH>^silile (o install a comliiit 
.lyslcm. In Mieh cases, proh- 
Iwbly the next W'st results may 

1)0 olltaincd bv tin- use of Sini V\k.A. AlOO-FootrnllotFleilbleSteelCondOlt 

armored vM:' The i-iilcs gov- t"«r.,..,./,sv,™(,«, t-i-ci. c-.„a-™ York,if.r. 
erning the installation of annorcil Cid»le arc given in the Naiion<d 
Klrrirk- Cut,; under .^cflion 24-A, and Section 48; also in 24-S. This 
cable is shown ill Fig. S. 

Steel amioR'<l cable is made by winding formed .steel strips over 
tlie insidatcd conductors. The steel strips are similar to those used 
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fur the steel conduit. Care is taken in forming (lie ciilile, iu avoid 
crushing or abmiding the insulation on the ftaiiductors as the steel 
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cable is made in hiikjIv conducforn tnm\ No. 1 to No. 10 B. & S. G.; 
in Iwin coiuhictors, Innn No. G to No. 14 B. & S. G.; and Ihrcc-cotiduc-' 
Urr cable, from No. 10 lo No. 14 B. & S. G. Table VI f^ives various 
data relating to armoitMl conductors: 

TABLE VI 
Armored Conductors — Types, Dimensions, Etc. 
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In Table \'l, Tvi>r.s 1) (single), BX (^twin), and BX3 (3 condue- 
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tors) are arraoreil cable adapted for ordinary indoor work. Type 
BM (twin conductors) is adapted for marine wiring. Types DL 
(single), BXL (twin), and BXL 3 (3 conductors) have the conductors 
lead-encased, with the steel armor outside, and are especially adapted 
for damp places, such as breweries, stables, and similar places. 

Type E is used for flexible-cord pendants, and is suitable for 
factories, mills, show windows, and other similar places. Type EM 
is the same as Type E; but the flexible cord is reinforced, and is suit- 
able for marine work, for use in damp places, and in all cases where it ^ 
will be subject to ver}^ rough handling. 

While this form of wiring has not the advantage of the conduit 
system — namely, that the wires can be withdrawn and new wires 
inserted without disturbing the building in anyway whatever — yd it 
has many of the advantages of the flexible steel conduit, and it has 
some additional advantages of its own. For example, in a building 
already erected, this cable can be fished l^etween the floors and in the 
partitiorr walls, where it would be impossible to install either rigid 
conduit or flexible steel conduit without disturbing the floors or 
walls to an extent that would be objectionable. 

Armored conductors should be continuous from outlet to outlet, 
without being spliced and installed on the loop system. Outlet boxes 
should be installed at all outlets, although, where this is impossible, 
outlet plates may be used under certain conditions. Clamps should 
be provided at all outlets, switch-boxes, junction-boxes, etc., to hold 
the cable in place, and also to sene as a means of grounding the steel 
sheathing. 

Armored cable is less expensive than the rigid conduit or the 
flexible steel conduit, but more expensive than cleat wiring or knob 
and tube wiring, and is strongly recommended in preference to the 
latter. 

WIRES RUN IN MOULDING 

Moukling is vor^' extensively usetl for electric circuit work, in 
extending circuits in buiklings which have already been wirtxl, and 
also in wiring buildings which were not provided with electric circuit 
work at the time of their erection. The reason for the popularity of 
moukling is that it furnishes a convenient and fairly good-looking 
runway for the wires, and pmtects them from mechanical injiirj\ 
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Fig. 9. Two- Wire Wood Moulding. 



It seems almost unwise to plaee eonchictors carrj'ing electric current, 
in wood casing; but this method is still permitted by the National 
Electric Code, although it is not allowed in damp places or in places 

where there is liability to damp- 



ness, such as on brick walls, 
in cellars, etc. 

The dangers from the use of 
moulding are that if the wood 
becomes soaked w^th water, 
there will be a liability to leak- 
age of current between the conductors nm in the grooves of the mould- 
ing,and to fire being thereby started, which may not l)e immediately dis- 
covered. Furthermore, if the conductors are overloaded, and conse- 
(|uently overheats I, the wood is likely to become charred and finally ig- 
nited. Moreover, the moulding itself is always a temptation as affording 
a good **round strip" in which to drive nails, hooks, etc. However, the 
convenience and popularity of moulding cannot be denied; and until 
some better substitute is found, or until its use is forbidden bv the 
Rules, it will continue to l)e used to a very great extent for running 
circuits outside of the walls and on the ceilings of existing buildings. 
Figs. 0, 10, 11, and 12 show two- and three-wire moulding respectively; 
and Table VII gives complete (hita as to sizes of the moulding required 
for various sizes of conductors. 

While the Rules recommend the use of hanlwood moulding, sls a 
matter of fact probably 90 per cent of the moulding used is of white- 
wo(kI or other siinihir cli(nip, soft wocxi. ( Georgia pine or oak ordinarily 




Fit'. 10. T\v.)-\Viiv Wood Moulding. 



costs ai)()ut twice as iiiuch as the soft wocmI. In designing moulding 
work, if appearance is of importance, the moulding circuits should 
be laid out so as to ati'ord a symmetrical and complete design. For 
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example, if an outlet is to be located in the center of the ceiling, 
the moulding should be continued from wall to wall, the portion beyond 
the outlet, of course, having no conductors inside of the moulding. 
If four outlets are to be placed on the ceiling, the rectangle of moulding 
should he completed on the fourth side, although, of course, no con- 




Fig. 11. Three- Wire Wotxi Moulding'. 

ductors need Ix^ placed in this portion of the moulding. Doing this 
increases the cost but little and adds greatly to the appearance. 

Moulding is frequently used in combination with other methods 
of wiring, including armored cable, flexible steel tubing, and fibrous 
tubing. In many instances, it is possible to fish tubing between 
beams or studs running in a certain direction; but when the conduc- 
tors are to run in another direction or at right angles to the beams or 
studs, exposed work is necessary. In such cases, a junction-box or 
outlet-box must be placed at the point of connection between the 
moulding and the armored cable or steel tubing. 

\Miere circuits are run in moulding, and pass through the floor, 
additional protection must be provided, as required by the Cade Rules y 
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Fig. 12. Three-Wire Wood Moulding:. 

to protect the moulding. As a nile, it is better to use conduit for all 
portions of moulding within six feet of the floor, so as to avoid the 
possibility of injurj^ to the circuits. \Miere a combination of iron 
conduit or flexible steel tubing is used with moulding, it is well to use 
double-braided conductors throughout, because, although only single- 
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TABLE VII 
Sizes of Mouldings Required for Various Sizes of Conductors 
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ljr.ii(lc<l conductDrs arc rtMiuiretl with moulding, double-braided con- 
ductors ii re ix-^juiRil willi iiiiliiLcil ('oiMliiit, and if double-braided con- 
ductors were imt u.scd tlin)iif;liiiut, it would be necessary to make a 
joiiLt at llic onllct-lidx wlieix- tlie inniilding stopped and the conduit 
work conum'nced . Wtieix- the conductors jia.ss through floors, in 
iTinuKliuf: work, and when- in in con<Iuit is used, the inspection authori- 
ties, in onlcr (o proiccf llic wIr', u.suaJly require that a fibrous tubing 
be iisc<I as additional jiroleclion for f])c coiuUx'tors inside of the iron 
pipe, aldiough, if .loiililc-braidc-l win- is uscl, lliis will not usually be 
ntjuinii. l-'ifi. l-'i shows a fusclfss conl roscffe for use with moulding 
work. Fifj. l-l stn>wsa device for niakinp a tap in moulding wiring. 

^[ouUlinj; work, under oniiiian." conditions, co.sts aliout one-half 
as niudi as cinaiit run in rigid conduit, and alwnt 75 per cent, under 



ELECTUIC WmiXG 



13 



ordinary conditions, of the cost of armoretl ciihle. Wliere tlic latter 
melhod of wirinfj or the conduit .system can l>e employed, <iiie or the 
other of these two methotis should l>c used in preference to moulding, 




irtrt^ of Crou-t I/in 
Syraaut, X. ]'. 




'"■'"Si 



as the work is not only more suhstaiitiiil, hut also .safer. Various forms 
of metal moulding; have l)ecTi iutn«lnced, hut up to the present time 
have not met widi the siirces,-* which (hey deserve. 

CONCEALED KNOB AND TUBE WIRING 

This metluHJ of wiring is still alloweil hy the Nalianal Eh-clrit 
Code, although many vigorous attempts have been made to have it 
nl>olishe(l. Each of these attempts has met with the strongest 
opposition from contractors and central statiiins, jKirticuIarly in small 
towns and villages, the argimient for this method Ix-ing, that it is the 
cheapest method of wiring, and that if it were forliidden, many places 
which are wired according to tliis method would not be wire<! at all, 
and the use of electricity would therefore l)e nnich restricted, if not 
entirely done away with, in such conmiunities. This argvnnent, how- 
ever, isonlya temporary makeshift ohslniction in the way of inevitalni. 
progress, and Jn a few year.s, undoulitedly, the conccaleil knob i\m\ 
tube method will be forbidden by the Xalltmal Elfcln'c Codr. 

The cost of wiring according to this mcduxl is al)out one-tJiinl 
of the cost of circuits nm in rigid conduit, and al)Out one-lialf of the 
cost of circuits nni in armored table. 'I'lie latter method of wiring 
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is nijiiiily rc])l;i(iTit; kiml) an<l tiil)e wiring, and justly so, wherever 
tlie iiildiliiJiiiil [iriio for tlic latter nietlitxl of wiring can be obtained. 
As tlio mime imlinites, tliis iiielhod of wiring employs porcelain knobt 




j. Kii"U jiiia Tube WlriUB'. 

((Hi/ tiil'i.s. ilii-rircuit wdrkU'iiignm ctfturaird l>etween theflo»rl>eatns 
aii<l slinU ol' ii fi-;in»- liiiililiii^. 'I'lie knnbs iire n.sed when the circuits 
nm jiiirjillcl n. \\\v Mihh- lH'aiiis;(iii<l tlic jjorcelain tuU's are used when 
llic circiiils lire rini ;<) ri;;lit iiiiglcs Id llie flour licams. 

Fi;;. l-"isliinvsiiii I'xaiiijili'uf kniilmml tulie wiring. In conc'ealed 
kiicib aixl (nlif wiriri;:. llic wiri'?. inn.sl In- .separateti at least ten inches 
from (iiu- iiiiuilii-r, iitid a( least luic iiicli from the surface wirctl over, 
dial is, I'mui dir lii';iins, floiirin;:, <■!<■., tii which the insulator is fa-s- 
Icncd. I'ij;. HI >1k,w> 



g.H«l h|,C 



1'" 




Tiiii.st I ic krjil furliii-r apart tli tn in ihc i i f (if i xposed or open wiring 
nil iiisiilators, ttiicrc, cxivpt III d imp pint tlit wires imy be run on 
cleats or on iiisiilakirs only one li df iiith from the surface wired over. 
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Fibrous Tulring. Fibrous tubing is frefiuently used willi knob 
and tul>e wiring, nml the regnl.ations governing its use are given in 
Rule 24, Seclion S, of tlie Xafional FJrclric Code. Tliis tubing, as 
slate«i in this /?"/(', niiiyl>eu,se<i wliere it is impossible nml iiiipnicticable 
to employ kn()bs and tubes, provide<l the dHr*Tciice in (M>feiitiul 
between tlio wires is not over 300 volts, and if llie wires arc not sub- 




ject to moi.sturo. Tlio rost of wirioff in fle\il)le fibrous tubing is 
approximately almut the sjinie as die cost i>f knob and tube wiring. 
Duplex (onduclors, or two wires together are not allowed in fibrous 
tubing. 

Fibrous tul>ing is rc<|uired at all outlets where ciin<luit or armored 
cable is not used (as in knob and tube wiring); ami, as r«|uired by the 
Rules, it must extend back fnini the lust |)orceIaiii supjiort to one inch 
beyond the outlet. Fig. 17 shows one make of libmns tnl>ing. 

Table VIII gives tlic maximum sines of conductors (double- 
braiiled) which may l)c installed in fibrous coikbiit. 



TABLE vai 
Sizes of Conductors In Fibrous Conduit 
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WIRES RUN EXPOSED ON INSULATORS 

This mefhod of wiring h^s tlie ailrmitages of chejtpness.dunibility. 
ami acccssihilily. 

Cheapness. The relative t-ost of this method of wiring as mm- 
piirol with tliat of the concealed conduit system, is alx>ut fifly jxt rent 
of Ihe latter if rubber-covered conductors are used, and about forty 
per cent of the latter if weatherproof slow-burning conductors are used. 
As the Hull's of the Fire Underwriters allow the use of weallierproof 
slow-lmminj; conductors in drj' places, considerable sa\iiig may be 
faceted by this nicthtxl of wiritig. pro\ideil there is no objection to it 




Flu- IR, La~ge F..edeiB Kun Expo6 



friim the standpoint of appearance, and also provided that It is not 
liable to medianical injiiiy or disarrangement. 

Durability. It is a well-known fact that rubber insulation lias a 
relatively short life. Inasmuch as in thismethixl of wiring, the insula- 
tion does not depend upon the insulation of tl:e conductors, but on 
the insulators themselves, which are of glass or porcelain, this system 
is much more desirable than any of the other methods. Of course, 
if llie conductors are mechanically injured, or Ihe insulators broken, 
the insulation of the system is reduced ; but there is no gradual dete- 
rioration as tliere is in the case of other methods of wiring, where 
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rubl)er is depended upon for insulation. This is especially true in hot 
places, particularly where the temperature is 120° F. or above. For 
such cases, the weatherproof slow-buniing conductors on porcelain 
or glass insulators are especially recommended. 

Accessibility. The conductors being nin exposed, they may be 
readily repaired or removed, or connections may Ix* made to the sjime. 

This method of 
wiring is especially 
recommended for 
mills, factories, and 
for large or long 
feetler conductors. 
Fig. IS shows ex- 
amples of exposed 
large feeder con- 
ductors, installed in the New York Life Insurance Building, New 
York City. For small conductors, up to say No. OB. & S. 
Gauge each, porcelain cleats may l)e used to supjx)rt one, two, 
or three conductors, provided the distance between the conduc- 




FlK. 19. Two- Wire Cleat. 





Fig. 2a One- Wire Cleat. 



Fijjj. 'il. Pent lain In^nluti r fur 
Lai^'o ri>utUu'ti)is. 



tors is at least 2\ inches in a two-wire system, and 2\ inches 
between the two outside conductors in a three-wire .system where the 
potential between the outside conductors is not over .SOO volts. The 
cleat must hold the wire at least one-half inch from the .surface to which 
the cleat is fastened; and in damp places the wire must be held at 
least one inch from the surface wired over. For larger conductors, 
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(ritui Sit. tn No. 4 / H. & S. Gauge, it is usual to use single porcdain 
rU-at.s or knohs. I'igs. 10 and 20 show a good form of two-wire 





V\n. -Zl. Iron HM<k and Insulators for Larj^e Conductors. 
f'>nirf*-ij "t fr*n*ral KUrtric Co., Schenectady, X. Y. 



rlejit jiiul sin^U'-wln' rlcnt, resjxjctively. 
For hi I'M* f<T(li r or main coiuluctors 
from Nrj. 4/ l'>.(!v S. Gauge upwanl, a 
riMjn* .snl»>^tarIlial torm of |>or(('lain insu- 
lator .should 1m* ummI. >urli as shown in 
V'\\r. 21. 'IMk'm- insulators are held in 
iron raeks or an^de-inui frames, of which 
\\\i) form> are shown in Fi;:s. 22 and 23. 
The latter ffMni of rark i> partieularly de- 
sirahle for h*a\v eonduetors and where a 

« 

numlx-r of ronchietors are run together. 
In this form of rack, any h^ngth of con- 
ductor cjin l»c removed without disturh- 
inir the other r-omhictors. 

A.>y a rule, the porcelain insulators 
shoulil i)e pia'cd not more than 41 feet 
apart; and if the \\ n*cs are liable to be 
(li>.turl)ed, tlir distance bet\v(»en supports 
should !)(' shortened, particularly for small 
conductors. If tlu' beams are so far 
apart that supports cami(>t b(» obtained 
everv 4'. fc(.*t, it is neccssarv to proviile a 
miming board as shown in Fig. 24, to 
which the porcelain cleats and knobs 
can be fastened. F'igs. 2.") and 20 show 
two meth(Kls of supj>orting small con- 
ductors. For conductors of No. S B. & S. 




Fljs'. 2:^. Elevation and Plan of 

InsulatorN Held in Angle- 

Iron Frames. 
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Gauge, or over, it is not necessary to break around the beams, provided 
they are not liabli- to lje disturl)cd ; but the supports may be placed on 
each beam. 

^\'here the dis- 
tance between the 
supports, howe\er, 
is greater than 4-1 
feet, it is usually 
necessan'fo provide 
intermediate sup- p,p j, j^^, 
ports, as shown in 
Fig. 27, or else to provide a ninning-lxiard. Another methwl which 
may l»e used, where l<eamH are further than 41 feet apart, is to 





di'Ppacwl Beams. 



run a main along tlie wall at right angles to tlie Warns, and to 
have the individual circuits run lietwecn and paruilel to the beams. 




Fig. M. Metboil at RupporUni; ,i SiiiuU Fiu. 3» 

In low-ceiling rooms, wJiore the conductors are liable to injury, 
it 13 usually re<|uireil that a wooden guani strip lie placed on each side 
of the conductors, as shown in Fig. 2S. 

Where the conductors pass througli partitions or walls, they must 
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1h» ])rote<'t(Nl by ])<)rc<»lain tulH\s, or, if the coiMhictors l)C of nihlKT, by 
means of fibrous tubing placed inside of inm conduits. 

All conductors on the walls for a height of not less than six feet 
from the ground, either should be lH)xtHl in,or,if theybenibi)er-C'overcd, 
should (preferably) be nm'in iron conduits; and in conductors having 
single braid only, additional protection should be provided by means of 
flexible tubing plactnl inside of the iron conduit. 

Where comluctors cross each other, or where they cross iron pij)es, 
they should be prot(*ct(»d by means of ponrlain tul)es fastent^l with 
tape or in some other substantial manner that will prevent the tiil)es 
from slipping out of place. 

TWO-W IRE AND THREE-WIRE SYSTEMS 

As both the two-wire and the three-win* svsteni are extensively 
us(h1 in electric wiring, it will be well to give some considenition to the 
advantages and disadvantages of each system, and to explain them 
somewhat in detail. 

Relative Advantages. Tlie choice of either a two-wire or u three- 
wire system depends largely upon the source of supply. If, for ex- 
ample, the source of supply will always probably l>e a 120-volt, two- 
wire system, tlierc would be no object in installing a three-wire system 
for th(* wiring. If, on the other hand, the source of supply is a 120- 
24()-V()lt system, tlic wiring .^hoidd, of course, l)e made three-wire. 
Furthermore, it" at the outset the supply were two-wire, but with a pos- 
sibility of a three-wire system being provitk^l later, it would he well 
to adapt the electric wiring for tlic tlirec-wire system, making the 
neutral conductor twice as large as cither of the outside conduetors, 
and combining the two <)Utsi<le conductors to make a single conductor 
until such tinu' as the three-wire service is instalknl. Of course, then* 
would be no saving of c()j)pcr in this last-mcntiontHl three-w-ire system, 
and in fact it would be slightly monu'xpcnsive than a two-wire system, 
as will be shortly explained. 

The ()l)icct of the three-wire svstem is to reduce the amount of 
copper- -and ccnisccjucntly the cost of wiring — necessiirj* to tninsmit a 
given amount of electric power. As a rule, tlic proposition is usually 
one of lighting an<l not of power, for the reason that by means of the 
three-win* system we are able to increase the i)otential at which the 
current is transmittnl, and at the same time to take advantage of tlie 
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greater efficiency of the lower voltage lamp. If current for power 
(motors, etc.) only were to he transmitted, it would be a simple matter 
to wind the motors, etc., for a higher voltage, and thereby reduce the 
weight of copper. 
If, however, we in- 
crease the voltage 
of lamps, we find 
that they are not so 
efficient, nor is their 

life so lonff. With I'^lg-^y. TUree-WireSystoin. wuUNrutralCouductor bctwieu 
^* the Two Outside Conductors. 

the standard carbon 

lamp, it has been foimd that the 240-volt lamp, with the same 
life, requires about 10 to 12 per cent more current than the cor- 
responding 120-volt lamp. Furtliermore, in the case of the more 
efficient lamps recently intnxluced (such as the Tantalum lamp, 
Tungsten lamp, etc.), it has been found impracticable, if not impos- 
sible, to make them for pressures above 125 volts. For this reason 
the three-wire svstem is emploved, for by this method we can use 240 
volts across the outside conductors, and by the use of a neutral con- 
ductor obtain 120 volts between the neutral and the outside conductor, 
and thereby l)e enabled to use 120-volt lamps. Furthermore, if a 
240-volt lamp should ever be placed on the market that was as economi- 
cal as the lower voltage lamp, the result woukl l)e tliat the 240-480- 
volt system would be intrtMJuced, and 240-volt lamps used. As a 

_- 1 I matter of fact, this 
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Fig. 30. Lamps Arniu^ul in Pairs in S«'rles, DisiH^uslnj^' wit h 
Necessity for Third or Neutral Conductor. 



has l)een tried in 
several cities — and 
p a r t i c u 1 a r 1 y in 
Providence, Rhode 
Island. As a nde, 
however, the 120- 
volt lamp has been 

found so much more satisfactory as rcganls life, efficiencv, etc., that 

it is nearlv alwavs emploved. 

The two-wire system is so extremely simple that no explanation 

whatever is re(|uired concerning it. 

The three-wire system, however, is somewhat confusing, and 

will now 1)0 considered. 
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Details of Three-Wire Svstem. The three-wire svstem mav be 
c-onsidereil as a two-wire svstem with a thin! or neutnil conductor 
placed between the two outside conchictors, as shown in Fig. 29. 
This neutral conductor would not be re<|uired if we could always have 
the lamps arninge<l in pairs, as shown in Fig. 30. In this case, the 
two lamps would bum in scries, and we could transmit the current 
at double the usual voltage, and tlicrt»by supply twice the number of 
lamps with onc-ciuartcr th(» weight of copper, allowing the same loss 
in pressure in the lamps. The reason for this is, that, having the 
lamps arranginl in scries of pairs, wc rc*<lucc the current to one-half, 
and, as the pressure at which the current is transmitted is doubl«l, 
we can again rc<lucc the copper one-half without increasing the loss 
in lamps. AVc therefore see that we have a double saving, as the cur- 
rent is reduct^l one-half, whicii raluces the weight of cop[)er one-half, 
and we can again riNlucc the copper one-half by doubhng the loss in 
volts without increasing the percentage loss. For example, if in one 
case we ha<l a straight two-wire system transmitting current to 100 
lamps at a potential of UK) volts, and this systehi were replac^ed by one 
in which the lamps were plactxl in series of pairs, as shown in Fig. 30, 
and the potential increased to 200 volts — 1(X) lamps still being used — 
wc should find, in the latter case, that we were carrjing current really 
for only ')() lamps, as we would re(iuire only the siime amount of cur- 
rent for two lamps now that we re(iuiri»d for one lamp before. Fur- 
thermore, as tin* potential would now be 200 uistead of 100 volts, 
we could allow twice as nuich loss as in the first case, l)ecause the loss 
would now be figuri^l as a percentage of 2(K) volts instead of a percent- 
airc of 100 volts. From this, it will readilv be seen that in the second 
case mentioned, we would recpiirc only one-(iuarter the weight of 
copper that would be required in the first case. 

It will readily be seen, however, that a system such as that out- 
lintel in the second scheme having two lamps, would l>e impracticable 
for ordinary purposes, for the reason that it would always retiuire the 
lamps to be bunRnl in pairs. Now, it is for this vcrj- reason that the 
third or neutral conductor is requinel ; an<i, if this conductor be added, 
it will no longer be necessaiy to burn the lamps in pairs, lliis, then, 
is the object of the three-wire system- to enable us to reduce the 
amount of copper recpiirtHl for transmitting current, without increasing 
the electric pR\ssure cmph)ycMl for the lamps. 
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With regard to the size of the neutral conductor, one important 
point must he lx>me in mind ; and that is, that the Rul^s of the National 
Electric Code require the neutral conductor in all interior wiring to be 
made at least as large as either of the two outside conductors. The 
reasons for this from a fire standpoint are obvious, because, if for 
any reason either of the outside conductors became disconnected, the 
neutral wire might l)e required to carrj' the same current as the out- 
side conductors, and therefore it should be of the same capacity. Of 
course, the chances of such an event happening are slight; but, as 
the fire hazard is all-important, this rule must be complied with for 
interior wiring or in all cases where there would be a probability of 
fire. For outside or underground work, however, where the fire 
hazfinl would be relatively unimportant, the neutral conductor might 
be reduced in size; and, as a matter of fact, it is made smaller than 
the outside conductors. 

The three-wire svstem is sometimes installed where it is desired 
to use the system as a two-wire, 125-volt system, or to have it arranged 
so that it may be used at any time also as a three-wire, 125-250-volt 
system. Of course, in order to do this, it is necessary to make the 
neutral conductor ecjual to the combined capacity of the outside con- 
ductors, the latter being then connecte<l together to form one con- 
ductor, the neutral being the return conductor. This system is not 
recommended except in such instances, for example, as where an 
isolated plant of 125 volts is installeil, and where there is a possibility 
of changing over at some future time to the three-wire, 1 2r)-250-volt 
system. In sudi a case as this, however, it would be better, where 
possible, to design the isolated plant for a three-win*, 125-250-volt 
system originally, and then to make the neutral conductor the same 
size as each of the two outside conductors. 

The weight of copper recjuired in a three-wire system where the 
neutral conductor is the same size as either of the two outside conduct- 
ors, is s of that recjuired for a corresponding two-wire system using 
the same voltage of lamps.* It is olnious that this is true, l^ecause. 



*NoTK. — If, ill the two-wire system, we represent the weight of each of the two con- 
ductors by i, the weight of each of the outside conductors in a three-wire system would 
be represented bv i; and if we iiad three conductors of the same size, we would have 
i-\-^ + l = iot the weight of copper re<iuire<l in a three-wire system, which would be 
require<l in a corresiwndiug two- wire system liaviiig the same percentage of loss and 
using the sama voltage of lamps. 

If the neutral conductor were made V of the size of each of the outside conductors, 
as is sometimes done in underground work, the total weight of copper required would be 
^ + ^ + ^ -j*^ of that required in the corresponding two- wire system. 
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as the discussion pn)V(*<l conceniiiifx the arniii^ment shown in Fig. 
))(), where the hiiii|)s were phict^l in series of pairs» we found that the 
wei<^ht of (•o|)per for the two comhictors was one-(|uarter the weight 
of the rei^nhir two-wire system. It is then of course tnie, that, if wc 
had another conchictor of the same size as each of the outside conduct- 
ors, v.e increase thewei<;ht of cop{)er one-half, or one-(|uarter plus 
one-half of one-cjuartcr — th.at is, three-ei<^hths. 

In the three-wire system freciuently nstnl in isolated plants in 
which the two outsich' conductors are joint^l together and the neutnil 
conductor uuuW ecjual to their coml)ined capacity, there is no solving 
of coj)|K'r, for the reason that the same voltage of transmission is usetl, 
and, conse(|uently, we have neither nnhiced the current nor increased 
the potential. Knrthcrmore, though the weight of copj)er is the same, 
it is now di\i(h'd into three conductors, instead of two, and naturally 
it costs relativelv more to insulate and manufacture three conductors 
than to insulate and mamifacture two conductors having the siime 
total weight of c()])per. As a matter of fact, the thn*e-wire system, 
having the niMitral conductor c(jual to the combined capacity of the 
two outside ones, the latter being joined together, is alx)ut 8 to 10 
jx'r cent more expensive than the corresponding straight two-wire 
svstem. 

In intiM'ior wiring, as a rule, where the three-wire system is used 
for the mains and fcc<I(M's, the two-wire ^vstem is nearlv always em- 
|)loyed for tlu* branch circuits. Of course, the two-wire branch cir- 
cuits are then balancc<l on each side of the three-wire svstem, so us to 
obtain as far as possible at all times an e(|ual balance on the two sides 
of the system. This is done so as to have the neutral conductor carry 
as little current as possible. From what has already been said, it is 
olwious that in cjisc there is a ])erfect balance, the lamps are virtually 
in series of ])airs, and the neutral conductor does not carry any current. 
Where there is an unbalanced condition, the neutral conductor carries 
the dilVerence bctwccMi the current on one side and the current on the 
other side of the system. For example, if we had five lamps on one 
side of the system and ten lan)ps on the other, the neutral conductor 
would carry the current c()rrcs])()nding to five lamps. 

In calculating the three-wire system, the neutral conductor is 
disregardcMl, the outer wires ))eing treated as a two-wire circuit, and 
the calculation is for one-half the toVd\ number of lamps, the per- 
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centage of loss being based on the potential across the two outside 
conductors. 

The three-wire system is very generally employed in alternating- 
current secondarj' wiring, as nearly all transformers are built with 
three-wire connections. 

While unbalancing will not affect the total loss in the outside 
conductors, yet it does affect the loss in the lamps, for the reason that 
the system is usually calculated on the basis of a perfect balance, and 
the loss is divided ecjually between the two lamps (the latter l)eing 
considered in series of pairs). If, however, there is unbalancing to 
a great degree, the loss in lamps will be increased; and if the entire 
load is thrown over on one side, the loss in the lamps will l)e doubled 
on the remaining side, because the total loss in voltage will now occur 
in these lamps, whereas, in the case of perfect balance, it would be 
equally divided between the two groups of lamps. 

CALCULATION OF SIZES OF CONDUCTORS 

The formula for* calculating the sizes of conductors for direct 
currents, where the length, load, and loss in volts are given, is as fol- 
lows: 

The size of ronductor (in circular mils) is equal to the current mult i plied 
by the distance (one wav), multiplud Ix/ 21.0, dicided by the loss in volts; or, 

cii = <UL[>^:^^ (I) 

in which C = Curront, in aini)eres; 

I) -~ Distance or Icnujth of the circuit (one way, in feet); 

V = Loss in volts hetween the beginning and end of the circuit. 

The constant (21.0) of this formula is derived from the resistiince 
of a mil foot of wire of 98 i)er cent conductivity at 25° Centigrade or 
77° Fahrenheit. The resistance of a conductor of one mil diam- 
eter and one foot long, is 10.8 at the temperature and conduc- 
tivity named. We multiply this figure (10.8) by 2, as the length of a 
circuit is usually given as the distance one way, and in order to obtain 
the resistance of l)oth conductors in a two-wire circuit, we must 
multiply by 2. The formula as above given, therefore, is for a two- 
wire circuit; and in calculating the size of conductors in a three-wire 
system, the calculation should be made on a two-wire basis, as ex- 
plained hereinafter. 
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Foniuila 1 can l)e transformed so as to obtain the loss in a given 
circuit, or the current which may be carried a given distance with a 
stated loss, or to Obtain the distance when the other factors are given, 
in the following manner: 

Formula for CalcuIatiiiK Loss In Circuit when Size. Current, and Distance are Given 

V - (' X /)X 21.0 r/^v 

* ~ CM ~ V^/ 

Formula for Calculating Current which may be Carried by a Qlven Circuit of Specified 

Length, and with a Specified Loss 

' ~ DX 21.(> \^) 

Formula for Calculating Length of Circuit when Size. Loss, and Current to be Carried 

are Given 

"^ cx2l^^ ('*) 

Formula' arc frecjuently given for calculating sizes of conductors, 
etc., where the load, instead of being given in amperes, is stated in 
lamps or in horse-power. It is usually advisiible, however, to reduce 
the load to amperes, as the efficiency of lamps and motors is a variable 
(juantity, and the current varies correspondingly. 

It is sometimes convenient, however, to make the calculation 
in tenns of watts. It will readily be seen that we can obtain a formula 
ex|)rcss(xl in watts from Formula I. To do this, it is advisable to 
exj)ress the loss in volts in percentage, instead of actual volts lost. It 
nmst be remcuibcred that, in the above formuhe, V represents the 
volts lo.st in the circuit, or, in other words, the difference in potential 
between the beginning and the end of the circuit, and is not the 
a|)i)lied F.M.F. The loss in percentage, in any circuit, is equal to 
the actual loss expressed in volts, divided hy the line voltage, muUiplied 
hii 1(K); or, 

P ^ \r X 100. 

From this equation, we have: 

P E_ 
~" \m 

If, for example, the calculation is to be made (m a loss of 5 per cent, 
with an applied voltage of 250, using this last etjuation, we would have: 

V = .'1^--':L= 12.5 volts. 

P E 
Substituting the equation V= -- — in Fonnula 1 , we have: 
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This equation, it should he remenil)ere«l, is expressed in terms of 
appHed voha^. Now, since the power in watts is equal to the applied 
voltage multiplied by the current (IV = EC), it follows that 

E 
By substituting this value of C in the ecjuation given alx)ve \C M= 
- J ' \ , the formula is expressed in tenns of w^atts instead 

of current, thus: 

.,,, _ !»' X /> X 2.160 /e\ 

- ~ ~jf: p~E ' v^'y 

in which IP = Power in watts transmitted; 

D = Length of the eireuit (one way) — that is, the length of one 

conductor; 
P = Figure representing the percentage loss; 
E*= Aj)[)Hed voltage. 

All the alx^ve forniuhe are for calculations of two-wire circuits. 
In making calculations for three-wire circuits, it is usual to make the 
calculation on the basis of the two outside conductors; and in three 
wire calculations, the alx)ve fonnuhe can l)e used with a slight modifi- 
cation, as will be sliown. 

In a three-wire circuit, it is usually assumed in making the cal- 
culation, that the load is equally balanced on the two sides of the 
neutral conductor; and, as the potential across the outside conductors 
is double that of the corresponding potential across a two-wire circuit, 
it is evident that for the same size of conductor the total loss in volts 
could be doubled without increasing the percentage of loss in lamps. 
Furthermore, as the load on one side of the neutral conductor, when 
the system is balanced, is virtually in series with the load on the 
third side, the current in amperes is usually one-half the sum of the 
current required by all the lamps. If C \ye still taken as the total 



*NoTK. Remember that V in Formula 1 to 4 represents the volts lost, but that 
B in Formula 8 represents the applied voltage. 
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current in ainjK^res (that is, the sum of the current recjuired by all of 
the lamps) in Formula I, we shall have to divide this current by 2, 
to use the fonnula for calculating the two ou^ide conductors for a 
three-wire system. Furthermore, we shall have to multiply the 
\()ltage lost in the lami)s by 2, to obtain the voltage lost in the two out- 
side conductors, for the reason that the i)otential of the outside con- 
duct(;rs is double the potential recjuired by the lamps themselves. 
In other words, Formula 1 will become: 

rx/)X21.f) • 

rx /)x 21.0 ,y^x 

" ~ 11 ' v"/ 

in wJiicli (' Sum of ( urront ivcjiiirt'd ])y all of the lamps on both sitlcs of 

( III' Mciit nil coiiductor; 
I) Lcnirtli of circuit -that is, of any one of the threi^ conductors; 
V — Loss allowed in the lamps, i. c, one-half the total loss in the 
two out si lie conductors. 

In the same manner, all of the other formuhe may l)e adapted for 
makintj: calculations for three-wire svstems. Of course the calcula- 
tion of a three-wire svstem could be made as if it were a two-wire 
system, by taking one-half the total number of lamps supplied, at 
one-half the voltage In'tween the outside conductors. 

It is understood, of course, that the size of the conductor in 
Formula 6 is the size of each of the two outside ones; but, inasmuch 
as the RnUs oj ihc Xailoiial Klcdric Cixlc re(iuire that for interior 
wiring the neutral conductor shall W, at least etiual in size to the outside 
conductors, it is not necessarv to calcidate the size of the neutnil 
conductor. It nnist be rcnienibcrcd, however, that, in a three-wire 
system where the neutral conductor is made ecjual in capacity to the 
combined size of the two outside conductors, and where the two 
outside conductors arc joined together, we have virtually a two-wire 
system arranged so that it can l)c converted into a three-w-ire system 
later. In this case the calculation is exactlv the siime as in the case 
of the two-wire circuits, cxcc})t that one of the two conductors is split 
into two smaller wires of the same capacity, '^fhis is frequently done 
where isolatol plants arc installed, an<l where the generators are wpund 
for 125 volts and it mav be desired at times to take current from an 
outside three-wire 12r)-2r)0-volt svstem. 
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METHOD OF PLANNING A WIRING 

INSTALLATION 

Tlie first step in planning a wiring installation, is to gather all 
the (lata which will affect either directly or indirectly the system of 
wiring and the manner in which the conductors are to be installed. 
These data will include: Kind of building; constniction of building; 
space available for conductors; source and system of electric-current 
supply; and all details which will determine the method of wiring 
to be employtMl. These last items materially affect the cost of the 
work, and are usually determinc^il by the character of the building 
and bv commercial considerations. 

Method of Wiring. In a nKxlern fireproof building, the only 
system of wiring to be reconnnended is that in which the conductors 
are installed in rigid conduits; although, even in such cases, it may be 
desirable, and economy may l)e effected thereby, to install the larger 
feeder and main conductors exposed on insulators using weatherproof 
slow-burning wire. This latter method should be used, however, 
only where, there is a convenient nmway for the conductors, so that 
they will lujt be crowded and will not cross pipes, ducts, etc., and 
also will not have too many bends. Also, the local inspection authori- 
ties should be consulted before using this method. 

For mills, factories, etc., wires exposed on cleats or insulators 
are usually to Ik* recommended, although rigid conduit, flexible con- 
(hiit, or armorcxl cable may be desirable. 

In finishcnl buildings, and for extensions of existing outlets, 
where the wiring could not readily or conveniently be concealed, 
moulding is generally uswl, particularly where cleat wiring or other 
expos(Hl methods of wiring would l)e objectionable. However, as 
has already been said, moulding should not be employed where there 
is any liability to damj)ness. 

In finisht^l buildings, particularly where they are of frame con- 
stniction, flexible steel conduits or armored cable are to be recom- 
mended. 

While in new buildings of frame construction, knob and tube 
wiring are fre([uently employed, this method should be used only 
where the ([uestion of first cost is of prime importance. ^Miile armored 
cable will cost approximately 50 to 100 per cent more tlian knob and 



30 ELECTRIC WIRING 



tube wiring, tlie former method is so much more permanent and is 
so much safer that it is stn)ngly recommended. 

Systems of Wiring. The system of wiring — that is, whether 
the two-wire or the three-wire system shall l>e use<l — is usually deter- 
mined by the source of supply. If the source of supply is an isolated 
plant, with simple two-wire gt^nerators, and with little possibility 
of currtnit being taken from the outside at some future tinje, the 
wiring in the building should be laid out on the two-wire system. If, 
on the other hand, the isolatc^l plant is three-wire (having three-wire 
generators, or two-wire generators with balancer sets), or if the cur- 
rent is taken from an outside source, the wiring in the bujlding should 
be laid out on ii three-wire system. 

It ver}' seldom happens that current supply from a central station 
is arrangtHl with other than the thn^e-wire system inside of buildings, 
l)ecause, if the outside su|)ply is alternating current, the transformers 
are usually adaj)t«l for a three-wire system. For small buildings, 
on the other hand, wliere there are only a few lights and where there 
would be only one feeder, the two-wire system is used. As a rule, 
however, when the current is taken from an outside source, it is best 
to considt the engineer of the central station supplymg the current, 
and to conform with his wishes. As a matter of fact, this should be 
done in any event, in order to ascertain the proper voltage for the 
lamps and for the motors, and also to ascertain whether the central 
station will supi)ly transformers, meters, and l^amps — for, if these 
are not thus sui)plitMl, they should In* included in the contract for the 
wiring. 

Location of Outlets. It is not within the scope of this treatise 
to discuss the matter of illumijiation, but it is desirable, at this point, 
to outline briefly the metlKHl of procedure. 

A set of plans, including elevation and details, if any, and show- 
ing decorative treatment of the various rooms, should be obtained 
from the Architect. A careful study should then be made by the 
Architect, the Owner, and the Engineer, or some other person qualified 
to make rcconnnendations as to illumination. The location of the 
outlets will depend: First y upon the decorative treatment of the 
nxmi, which determines the aesthetic and architectural effects; second, 
upon the type and generjil form of fixtures to be usetl, which should 
be previously decided on; third, upon the tiistes of the owners o.'' 
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occupants in regard to illumination in general, as it is found that 
tastes varj' widely in reganl to amount and kind of illumination. 

The location of the outlets, and the number of lights required 
at each, having been determined, the outlets should l^e marked on 
the plans. 

The Architect should then Ire consulted as to the location of the 
centers of distribution, the available points for the risers or feeders, 
and the available space for the branch circuit conductors. 

In regard to the rising points for the feeders and mains, the fol- 
lowing precautions should be used in selecting chases: 

1. The space should be amply larpje to accommodate all the feeders and 
mains likely to rise at that given point. This seems trite and unnecessary, 
but it is the most usual trouble with chases for risers. Fonnerly architects 
and builders paid little attention to the requirements for chases for electrical 
work; but in these later days of 2-inch and 2J-inch conduit, they realize that 
these pipes are not so invisible and mysterious as the force they serve to dis- 
tribute, particularly when twenty or more such conduits must be stowed away 
in a building where no special provision has been made for them. 

2. If possible, the space should be devoted solely to electric wiring. 
Steam pipes arc objectionable on account of their temperature; and these and 
all other pipes are objectionable in the same space occupied by the electrical 
conduits, for if the space proves too small, the electric conduits are the first to 
be crowded out. 

The chase, if possible, should be continuous from the cellar to the roof, 
or as far as needed. This is necessary in order to avoid unnecessary bends or 
.elbows, which are objectionable for many reasons. 

In similar manner, the location of cuf-out cabinets or distributing 

centers should fulfil the following requirements: 

1. They should be accessible at all times. 

2. They should be placed sufficiently close together to prevent the cir- 
cuits from being too long. 

3. Do not place them in too prominent a position, as that is objectionable 
from the Architect's point of view. 

4. They should be placed as near as possible to the rising chases, in 
order to shorten the feeders and mains supplying them. 

Having determined the system and method of wiring, the location 
of outlets and distributing centers, the next step is to lay out the branch 
circuits supplying the various outlets. 

Before starting to lay out the branch circuits, a drawing showing 
the floor construction, and showing the space between. the top of the 
beams and ginlers and the flooring, should be obtained from the Archi- 
tect. In fireproof buildings of iron or steel construction, it is almost 
the invariable practice, where the work is to be concealed, to run the 



831 



32 ELECTRIC WlrtlNG 



cDiuhiits over the l>eanis, under the nnigh flooring, earrj'ing them 
l>t*t\ve(*n the slee|HTs when ninning parallel to the sleej)ers» and notch- 
ing the latter when the conduits nin across them (see Fig. 31). In 
wooden frame buildings, the conduits nm parallel to the beams and 
to the furring (see Fig. 32); they are also sometimes run below the 
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Fiff. 31. Kuniiinir runductors Concealed uudor Floor In Fireproof Building. 

beams. In the latter case the beams have to be notched, and this is 
allowable only in certain places, usually near the points w-here the 
beams are sup])ort(Hl. The Architect's dmwing is therefore necessary 
in order that the location and course of the conduits may be indicated 
on the plans. 

The first consideration in laviuix out the branch circuit is the 
niniiJ)ir nj oiitlHs and nuwhrr oj I'ujhls to be wired on any one branch 
circuit. The Rules oj the Xaihrnal FAcctric Cixle (Rule 21-1)) require 
that ''no set of incandescent lani])s rccjuiring more than G60 watts, 
whctluT grouped on one fixture or on several fixtures or pendants, 
will be dc])cn(lent on one cut-out." While it would be possible to 
have branch circuits supplying more than OGO watts, by placing various 
cut-outs at ditVcrent points along the route of the branch circuit, so 
as to sulKJividc it into small sections to comply with the rule, this 
mctliod is not recommended, except in certain cases, for exposed wiring 
in factories or mills. As a rule, the proper method is to have the 
cut-outs located at the center of distribution, and to limit each branch 
circuit to i\i',0 watts, which corresponds to twelve or thirteen 50-\vatt 
lamps, twelve being the usual limit. Attenti(ui is called to the fact 
that the inspectors usually allow oO watts for each socket connected 
to a branch circuit; and although S-candlc-])ower lamps may he 
placed at some of the outlets, the inspectors hold that the standard 
lamp is approximately oO watts, and for that reason there is always 
the likelihood of a lamp of that capacity being ustnl, and their mspec- 
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tion is based on that assumption. Therefore, to comply with the 
requirements, an allowance of not more than twelve lamps per branch 
circuit should l)e made. 

In ordinarj' practice, however, it is l>est to reduce- this number 
still further, so as to make allowance for future extensions or to increase 
the mmiber of lamps that may be placed at any outlet. For this 
reason, it is wise to keep the numl)er of the outlets on a circujt at the 
lowest point consistent with economical wiring. It has l^een proven 
by actual practice, that the best results are obtained by limiting the 
number to five or six outlets on a branch circuit. Of course, where 
all the outlets have a single light each, it is frequently necessarj^ for 
reasons of ecopomy, to increase this number to eight, ten, and, in 
some cases, twelve outlets. 

We have alreadv referred to the location of the wires or conduits. 
This question is generally settled by the y)eculiaritics of the construc- 
tion of the building. It is nccessarj- to know this, however, before 
laying out the circuit work, as it frequently determines the course of 
a circuit. 

Now, as to the course of the circuit work, little need be said, 
as it is largely influenced by the relative |)osition of the outlets, cut- 
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Fig. 3*2. liiumiiig Conductors Conocalfd under Floor in Wooden Frame UuildinK- 

outs, switches, etc. Between the cut-out Ik)x and the first outlet, and 
between the outlets, it will have to be decided, however, whether 
the circuits shall nm at right angles to the walls of the buikling or 
room, or whether they shall nm direct from one j)oint to another, 
irrespective of the angle they make to the sleepers or beams. Of 
course, in the former case, the advantages are that the cost is some- 
what less and the number of elbows and l>ends is reduced. If the 
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tiil)es are bent, however, instead of using elbows, the difference in 
cost is usually ven* slight, and probably does not compensate for the 
disadvantages that would result from running the tubes diagonally. 
As to the number of bends, if branch circuit work is properly laid 
out and installetl, and a proper size of tube useil, it rarely happens 
that there is any dillVrence in *'pidling" the branch circuit wires. 
It may hapjXMi, in the event of a verj' long run or one having a large 
number of l)ends, that it might be advisable to adopt a short and 
most direct route. 

Up to this time, the location of the distribution centers has l)een 
made solely with reference to architectural considerations; but they 
nuist now Ih» considered in conjunction with the branch circuit work. 

It frtMjuently happens that, after nmning the branch circuits 
on the plans, we find, in certain cases, that the position of centers of 
distribution may Im? changed to advantage, or sometimes certain 
gnnips may be disjx^nsiHl with entirely and the circuits run to other 
points. We now see the wisdom of ascertaining from the Architect 
where cut-out groups may be located, rather than selecting particular 
points for their location. 

As a rule, wherever possible, it is wise to limit the length of each 
branch circuit to 100 feet; and the numl^er and location of the dis- 
tri))Uting centers should be determined acconlingly. 

It may be found that it is sometimes necessary and even desirable 
to increase the limit of length. One instance of this may be found in 
hall or corridor lights in large builduigs. It is generally desirable, 
in such cases, to control the hall lights from one point; and, as the 
numl)cr of lights at each outlet is generally small, it would not -be 
economical to run mains for sub-<*enters of distribution. Hence, 
in instances of this character, the length of runs will frequently exceed 
the limit named. In the givat majority of cases, however, the best 
results are obtained by limiting the runs to 00 or 100 feet* 

There are several good reasons for placing such a limit on the 
length of a branch circuit. I'o begin with, assuming tliat we are going 
to place a limit on the loss in voltage (drop) from the switchboard to 
the lamj), it may he easily proven that up to a certain reasonable 
limit it is more economical to have a larger number of distributing 
centers and shorter branch circuits, than to have fewer centers and 
longer circuits. It is usual, in the l>etter class of work, to limit the 
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loss in voltage in any bninch circuit to approximately one volt. As- 
suming this limit (one volt loss), it can readily be calculattxl that the 
numl:)er of lights at one outlet which may l)e connected on a branch 
circuit 100 feet long (using No. 14 B. & S. wire), is four; or in the 
case of outlets having a single light each, five outlets may be con- 
nected on the circuit, the first being (>0 feet from the cut-out, the others 
being 10 feet apart. 

These examples are selected simply to show that if the branch 
circuits are much longer tlian 100 feet, the loss must l)e increased 
to more than one volt, or else the numl^er of lights that may be con- 
nected to one circuit must Ik* reduced to a vciy small quantity, pro- 
vided, of course, the size of the wire remains the same. 

Either of these alternatives is objectionable — the first, on the 
score of regulation; and the second, from an economical standpoint. 
If, for instance, the loss in a branch circuit with all the lights turneil 
on is four volts (assuming an extreme case), the voltage at which a 
lamp on that circuit burns will vary from four volts, depending on the 
number of lights burning at a time. This, of course, will cause the 
lamp to burn l)elow candle-power when all the lamps are turned on, 
or else to diminish its life by burning above the proper voltage when 
it is the only lamp burning on the circuit. Then, too, if the drop in 
the branch circuits is increased, the sizes of the feeders and the mains 
must be correspondingly increased (if the total loss remainathe same), 
thereby increasing their cost. 

If the numl^er of lights on the circuit is decreased, we do not use 
to good advantage the available carrjing capacity of the wire. 

Of course, one solution of the problem would be to increase the 
size of the wire for the branch circuits, thus reducing the drop. This, 
however, would not be desirable, except in certain cases where there 
were a few long circuits, such as for corridor lights or other special 
control circuits. In such instances as these, it would be better to 
increase the sizes of the branch circuit to NO. 12 or even No. 10 
B. & S. Gauge conductors, than to increase the number of centers 
of distribution for the sake of a few circuits onlv, in order to reduce 
the number of lamps (or loss) within the limit. 

The method of calculating the loss in conductors has been given 
elsewhere; but it must be borne in mind, in calculating the loss of a 
branch circuit supplying more than one outlet, that separate calcu- 
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latioiis must Ik* made for each portion of the circuit. That is, a 
calculation must he made for the loss to the first outlet, the length in 
this case l)ein<i: the distance from the center of distribution to the first 
outlet, and the load heing the total numl)er of lamps supplied by the 
circuit. The next step would Ik? to obtain the loss l:)etween the first 
and second outlet, the length being the distance lx*tween the two out- 
lets, and the load, in this case, being the total numl^er of lamps sup- 
pli(Ml by the circuit, minws the number supplied by the first outlet; 
and so on. The loss for the total circuit would l>e the sum of these 
losses for the various portions of the circuit. 

Feeders and Mains. If the building is more than one story, an 
elevation should be made showing the height and number of stories. 
On this elevation, the various distributing centers should he show-n 
diagranunatically; and the current in amperes supplial through 
each center of distribution, should })e indicated at each center. The 
next step is to lay out a tentative system of feeders and mains, and to 
ascertain the load in amperes supplied by each feeder and main. 
'I'he estimated length of each feeder and main should then he deter- 
mined, and calculation made for the loss from the switchboard to 
each center of distribution. It mav be found that in some cases it 

« 

will be necessary to change the arrangement of fetnlers or mains, or 
even the centers of (listril)ution, in order to keep the total loss from the 
switchlK»ar(l to the lamps within the limits previously determined. 
As a matter of fact, in important work, it is always best to lay out the 
entire work tentatively in a more or less crude fashion, according to 
the "cut and dried" metluxl, in order to obtain the best results, l^ecause 
the entire layout may be modified after the first preliminary layout 
has been made. ( )f course, as one becomes more experienced and 
skilled in these matters, the final layout is often almost identical with 
the first prcliminaiT arrangement. 

TESTING 

Where ])()ssii)Ie, two tests of the electric wiring equipment should 
be made, one after the wiring itself is entirely completed, and switche.s, 
cut-out ])aucls, etc., are connectiHl; and the second one after the 
fixtures have all been installed. The reason for this is that if a ground 
or short circuit is discovertHl before the fixtures are installed, it is 
more easily remedied; and secondly, because there is no division of 
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the responsibility, as there might l)e if the first test were made only 
after the fixtures were installed. If the test shows no grounds or 
short circuits l)efore the fixtures are installed, and one does develop 
after they are installed, the trouble, of course, is that the short circuit 
or ground is one or more of the fixtures. As a matter of fact, it is a 
wise plan always to make a separate test of each fixture after it is 
delivered at the building and l^efore it is installed. 

WTiile a magneto is largely used for the purpose of testing, it is 
at best a cnide and unreliable methcxl. In the first place, it does 
not give an indication, even approximately, of the total insulation 
resistance, but merely indicates whether there is a ground or short 
circuit, or not. In some instances, moreover, a magneto test has 
led to serious errors, for reasons that will l>e explained. If, as is 
nearly always the case, the magneto is an altematingK'urrent instru- 
ment, it mjiy sometimes happen — particularly in long cal)les, and 
especially where there is a lead sheathing on the cable — that the 
magneto will ring, indicating to the uninitiated that there is a ground 
or short circuit on the cable. This may be, and usually is, far from 
l)eing the case; and the cause of the ringing of the magneto is not a 
ground or short circuit, but is due to the capacity of the cable, which 
acts as a condenser under certain conditions, since the magneto prcxluc- 
ing an alternating current repeate<lly charges and discharges the cable 
in opposite directions, this changing of the current causing the magneto 
to ring. Of course, this defect in a magneto could be lemedied by 
using a commutator and changing it to a (lire(*t-current machine; 
but as the metluxl is faultv in itself, it is hardlv worth while to do this. 

A portable galvanometer with a resistance box and Wheatstone 
bridge, is sometimes employed; but this method is objectionable 
because it requires a special instmment which cannot be used for 
many other pur])oses. Furthermore, it recjuires more skill and time 
to use than the voltmeier mediod, which will now be descrilxnl. 

The advantage of the voltmeter method is that it recjuires merely 
a direct-current voltmeter, which can \ye used for many other puqK)ses, 
and which all engineers or contractors should possess, together with 
a box of cells having a potential of preferably over 30 volts. The volt- 
meter should have a scale of not over loO volts, for the reason that if 
the scale on which the battery is used covers too wide a range (sjiy 
1,000 volts) the readings might be so small as to make the test inac- 
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curate. A good arrangement would l^ to have a voltmeter having 
two scales — sav, one of 00 and one of 600 — which would make the 
voltmeter available for all practical potentials that are likely to be 
used inside of a building. If desired, a voltmeter could be obtained 
with three connections having three scales, the lowest scale of which 
would be used for testing insulation resistances. 

Before starting a test, all of the fuses should l)e inserted and 
switches tununl on, so that the complete test of the entire installation 
can be made. When this has been done, the voltmeter and battery 
should be connected, so as to obtain on the lowest scale of the volt- 
meter the electromotive force of the entire group of cells. This 
connection is shown in Fig. 33. Immaliately after this has been done, 

the insulation resistance to be tested 
is placed in circuit, w^hether the 
insulation to be tested is a sw^itch- 
l)oanl, slate panel-board, or the 
entire wiring installation; and the 
connections are made as shown in 
Fig. 34. A reading should then 
again be taken of the voltmeter; 
and the leakage is in pro|X)rtion 
to the difference between the first 
and second readings of the volt- 
meter. The explanation given below 
will show how this resistance niav l:e calculated: It is evident that 
the resistance in the first case was merely the resistance of the volt- 
meter and the internal resistance (if the batterJ^ As :i mi:, the internal 
resistance of the l)attery is so small in comparison with the resistance 
of the voltmeter and the external resistance, that it may be entirely 
neglectal, and this will be done in the following calculation. In the 
second case, however, the total resistance in circuits is tlie resistance 
of the voltmeter and the batteiy, fhis the entire insulation resistance 
on all the wi^es, etc., connected in circuit. 

To put this in mathematical focin, the voltage of the cells may 
be indicated by the letter K; and the reading of the voltmeter when 
the insulation resistance is connected bv the circuit, by the letter E\ 
Let./{ represent the resistance of the voltmeter and /?j. represent the 
insulation resistance of the installation which we wish to measure. 
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It is a fact which the reader undoubtedly knows, that the E. M. F. as 
indicated by the voltmeter in Fig. 34 is inversely proportional to the 
resistance: that is, the greater the resistance, the lower will l^e the 
reading on the voltmeter, as this reading indicates the leakage or cur- 
rent passing through the resistance. Putting this in the shape of a 
fomuila, we have from the theon- of proportion : 



or, 

Transposing, 

and 



A' : A' ::7? + Rx : K; 

/;' R -f- K' Rx = E R . 

E' Rx - K R - ly R --= R (E-K\ 

J, RiE- E') 




^•t-Dua 



5-Bus 



FIk. »4. Insulation Resistance Flaccid in Circuit, Ready for 

Testing. 



Or, expressed in wonls, the insulation resistance is equal to the resist- 
ance of the volt- 
meter muliiplird hy 
the difference be- 
tween the first read- 
ing (or the voltage 
in the cells) and 
the second reading 
(or the reading of 
the voltmeter with 
the insulation re- 
sistance in series with the voltmeter), divided hy this last reading of 
the voltmeter. 

Exam-pie. Assume a resistance of a voltmeter (/?) of 20,000 ohms, 
and a voltage of the cells (£) of 30 volts; and suppose that the insula- 
tion assistance test of a wiring instiillation, including switchboard, 
fewlers, l)ranch circuits, panel-boanls, etc., is to be made, the insula- 
tion resistance being represents I by tlie letter R^ . By substituting 

in the formula 

,. R (E - E') 

and assuming that the reading of the voltmeter with the insulation 
resistance connectwl is 5, we have: 

,. 2().()()0 X (30-5) .r.r.r,f^ 1 

R = - —= 100,000 ohms. 

5 

If the test shows an excessive amount of leakage, or a ground or 
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sliort circuit, flic location of tlic trouble inav Ik? detenninetl l>v the 
process of elimination — that is, hy cuttint^ out the various feeders 
until tlu' ^n'onnd or I('aka<^r disappears, and, when the feeder on which 
the troui>le exists has heen locate<l, hy following the siinie pnx'ess 
with the i)ranch circJiits. 

Of course, the lar^^er the installation and the longer and more 
numerous the circuits, the ^nvater the leakage will l>e; and the low^r 
will he the insulation resistance, as there is a greater surface exjx)sed 
for leakage. 'i1ic Ihih.s oj tlw Xafional Klcciric Code give a sliding 
scale for the rc(|uirciuciHs as to insulation resistance, depending upon 
the amount of current carried hy the various feeders, branch circuits, 
etc. The rule of the Xafional Electric Code (No. ()G) covering this 
point, is as follows: 

"'rii«' w iriiii: in .-iny l>uil«liii,ii iiiu.st test free from grounds; i.e., tlie com- 
j)lct(' Hi.-t;ill;if i»>n must li.ixc an insulation l»ft\\iH»n condiu'tors aiid between 
all ((niductors an<l tiic LTnund inoi including attachments, sockets, recepta- 
clo. ctr.i not lt'^> llian that i:i\ en in the following tal)k*: 

I'j) t () .') :iiii|Mr<'.- . 

in ■• 



■Jo 



4.0(K).0()0 ( 


>hius 


2.()00.(KX) 


• •' 


800,000 




400,000 




200,000 




100,000 




.50,000 




25.000 




12,500 





7A) '• 

ino '■ . 

j(;() " 

100 " 

soo • • 

•• 1 r,(!0 

• riif tr-t uiu-f 1 (• iiiad<- V. iih all cui-outs and safety devices in j)lace. If 
tlic lanii) .-ockri^. r(( (J);:;* It-, rlcct rolit-r-. etc.. an; al.so connected, only one- 
hall" of the ir.-i^t an< (■> >-|)(' iiicd in the taMc will he HMjuired." 

ALTERNATING-CURRENT CIRCUITS 

It is not within tlic province of tiiis chapter to treat the various 
altcruatin;j:-(urn'nt phenomena, i)Ut simply to outline the mcxlifications 
which sliould hr tuade in dcsi^^nin^^ and calculating electric light 
wiriui:, in order to makr proper allowaiK-c for these phenomena. 

The \\u)>\ marked diiVcrcncc hetwcen alternating and direct cur- 
rent, so far as wiring* is concerned, is the eil'ect ])roduct*d hy self- 
induction, which i^ characteristic of all alternating-current circuits. 
'i'his self-induction \arics i^rcatly with conditions dc]>ending upon 
the arrangement of the circuit, the mediinn surrounding the circuit, 
the devices or apparatus supplied hy or lonncctixl in the circuit, etc. 
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For example, if a coil having a resistance of 100 ohms is includetl in 
the circuit, a current of one ampere can be passed through the coil 
with an electric pressure of 100 volts, if direct current is used; while 
it might recjuire a potential of several hundred volts to pass a current 
of one ampere if alternating-current were used, depending upon the 
number of turns in the coil, whether it is wound on iron or some other 
non-magnetic material, etc. 

It w'ill l)e seen from this example, that greater allowance should 
be made for self-induction in laying out and calculating alteniating- 
current wiring, if the conditions are such that the self-induction will 
be appreciable. 

On account of self-induction, the two wires of an alternating- 
current circuit must never be installed in separate iron or steel con- 
duits, for the reason that such a circuit would Ixj virtually a choke coil 
consisting of a single tuni of wire wound on an iron core, and the self- 
induction would not only reduce the current passing through the cir- 
cuit, but also might produce heating of the iron pipe. It is for this 
rt*ason that the National Electric Code requires conductors constitut- 
ing a given circuit to be placed in the same conduit, if that conduit 
is iron or steel, whenever the said circuit is intended to carry, or is 
liable to carry at some future time, an alternating current. This does 
not mean, in the case of a two-phase circuit, that all four conductors 
need l)e placed in the same conduit, but that the two conductors of a 
given phase must be placed in the same conduit. If, however, the 
three-wire system be used for a two-phase system, all three conductors 
should l)e placed in the same conduit, as should also be the case in a 
three-wire three-phase system. Of course, in a single-phase two- or 
three-wire system, the conductors should all be placed in the same 
conduit. 

In calculating circuits carrj'ing alternating current, no allowance 
usually should be made for self-induction when the conductors of the 
same circuit are placed close togt*ther in an iron conduit. When, 
however, the conductors are run exposed, or are sepanited from each 
other, calculation should be made to determine if the effects of self- 
induction are great enough to cause an appreciable inductive drop. 
There are several methcxls of calculating this drop due to self-induc- 
tion — one by formula, and one by a mathematical method w4iich w-ill 
be described. 
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Skin Effect. Skin effect in alternating-current circuits is caused 
hv an incorrect distribution of the current in the wire, the current 
ten<Un<j: to flow through the outer portion of the wire, it being a well- 
known fact tliat in alteniating currents, the current density decreases 
towanl the center of the conductor, and that in large wires, the current 
density at tlic center of the comhictor is rehitively quite small. 

The skin effect increases in proportion to the square of the diam- 
eter, and also in direct ratio to the frc(iuency of the alternating current. 

For conductors of Xo. OOOO B. ik S. Gauge, and smaller, and for 
frequencies of (){) cycles ]ht second, or less, the skin effect is negligible 
and is less than one-half of one per cent. 

For very large cables and for frecjuencies above 60 cycles per 
st^cond, the skin etfcct may be appreciable; and in certain cases, allow— 
ance for it should be made in making the calculation. In onlinary 
practi(^\ however, it may be neglected. Table IX, taken from AUcr^ 
nafing-Currnit Wirimj and Disirihnium, by W. U. Emmet, gives the 
data n(*cessnry for calculating the skin effect. The figures given in 
the first and thinl columns are obtains! by multiplying the size of the 
conductor (in circular mils) by the frequency (numl)er of cycles p)er 
second); and the figures in the second and fourth columns show the 
factor to be used in multiplying the ohmic resistance, in order to 
obtain the conibined resistance and skin efftH't. 

TABLE IX 
Data for Calculating: Skin Effect 
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Tlic f.'ictor.N ^ivcn in tin's (al»l(\ inulh plitdh;/ the resistance to direct cur- 
rents, will ^i^■e tlie n'-istiUK e to nltornatin^ currents for copper conductors of 
circular crf).ss-seciinn. 

Mutual Induction. AVlicn two or more circuits are nin in the 
same vicinity, there is a possibility of one circuit inducing an electro- 
motive force in the conductors of an adjoining circuit. This effect 
may result in nusing or lowering the E. ]M. F. in the circuit in which a 
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mutual induction takes place. The amount of this induced E. M. F. 
set up in one circuit by a parallel current, is dependent upon the cur- 
rent, the frequency, the lengths of the circuits running parallel to each 
other, and the relative positions of the conductors constituting the 
said circuits. 

Under onlinary conditions, and except for long circuits carrj-nig 
high potentials, the effect of mutual induction is so slight as to be 
neghgible, unless the conductors are improperly arranged. In order 
to prevent mutual induction, the conductors constituting a given 
circuit should be grouped together. Figs. 35 to 39, inclusive, show 



1^000 Alt. .035 Volts. 



O O 



7200 Alt. .016 Volts. 



Fig. 35. 



O O • • '^^^^ Alt. 



Fig. 36. 



o o 



Fi«. 37. 



o o 



.015 Volts. 
7200 Alt. .0065Volts. 

lepOO Alt. .070 Volts. 
7200 Alt. .032 Volts. 



1^000 Alt. .006 Volts. 
7200 Alt. .0027 Volts. 



Fig. 38. 



O O • L?°°^!!- 



.112 Volts. 
7jS00 Alt .OSO VoltS» 



Fig. 39. 



Various Groupings of Conductors in Two Two- Wire Circuits, Giving Various 

Effects of Induction. 

five arrangements of two two-wire circuits; and show how relatively 
small the effect of first induction is when the conductors are properly 
arranged, as in Fig. 38, and how relatively large it may be when im- 
properly arranged, as in Fig. 39. These diagrams are taken from 
a publication of Mr. Charles F. Scott, entitled Polyphase Trans- 
mission, issued by the Westinghouse Electric & Manufacturing 
Company. 

Line Capacity. The effect of capacity is usually negligible, 
except in long transmission lines where high potentials are used ; no 
calculations or allowance need be made for capacity, for ordinary 
circuits. 
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Calculation of Alternating-Current Circuits. In the instruction 
paper on ^^Power Stations and Transmission," a method is given for 
ralcnlating alt(Tnatin<::-<*urrent lines by means of formula*, and data are 
^iven re^anlinjj; power factor and the calculation of both single-phase 
and polyphase circuits. For short lines, sec*ondar}' wiring, etc., how- 
ever, it is probably more convenient to use the chart method devised 
by ]\Ir. Ualpli I). Merslion, descrilKHl in the American Elcciriciofi of 
June, 1S97, and partially leprcKluctHl as follows: 

DROP IN ALTERNATING-CURRENT LINES 

AVlien a hen la tint; currents first came into use, when transmission 



( 



listances were short and the only loads carried were lamps, the ques- 
tion of drop or loss of roltagr in the transmitting line was a simple one, 
and the same methods as for direct current could without serious 
error Ih' employed in dcalint; with it. The conditions existing in 
alternatint; ])racticc to-<lay — longer distances, polyphase circuits, 
and loads made up })artly or wholly of induction motors — render 
this ([uestion less simple; and direct-current methods applied to it 
do not lead to satisfactory results. Any treatment of this or of 
any en<:inocring subject, if it is to benefit the majority of engineers, 
nuist not involve <::r()})iiig through long e( [nations or complex diagrams 
in search of practical results. Tlie results, if any, must be in avail- 
able and conviMiient form. In wliat follows, the endeavor has been 
made to so treat the subject of drop in a It enia ting-current lines that 
if the reader be grounded in the theorj' the brief space devotetl to 
it will sulHce; but if he do not compivhend or care to follow the 
sim])le theory involvtxl, he may nevei'theless tuni the results to his 
practical advantage. 

Calculation of Drop. Most of the n^atter herc^tofore published 
on the subject (jf drop treats only of the inter-relation of the E. M. F. s 
involve<I, and, so far as the writer knows, there have not appeared 
in convenient form the data necessary for accurately calculating tliis 
(piantity. Table X (page 47) and the chart (page 40)*include, in a 
form suitable for the engineer's jxxkctbook, eveiTthing necessary 
for calculating the drop of alternating-current lines. 

The chart is simply an extension of the vector diagram (Fig. 40), 
giving the relations of the E. M. F.'s of Hue, load and generator. In 
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Fig. 40, E is the generator E. ]M. F.; r, the E. M. F. impressed upon 
the load; c, that component of A'which overcomes the back E. M. F. 
due to the impechmce of the Hne. The comjx^nent c is made up of two 
components at right angles to'each other. One is a, the component 
overcoming the IR or back E. M. F. due to rtvsistance of the line. 
The other is b, the component overcoming the reactiuice E. M. F. or 
back E. M. F. due to the alternating field set up around the wire by 
the current in the wire. The drop is the difference between E and 
(\ It is (/, the radial distan( e between two circular arcs, one of which 
is drawn with a radius c, and the other with a radius E, 

The chart is made by striking a succession of circular arcs with 
as a c e n t e r. 
The radius of the 
smallest circle cor- 
responds to t', the 
E. M. F. of the 
load, which is taken 
as 100 per cent. 
The radii of the suc- 
ceeding circles in- 
crease by 1 per cent 
of that of the small- 
est circle; and, as 
the radius of the 
last or largest cir- 

I . ^ tr\ Fiy. 40. Vector DiajrriiTn. 

ck* IS 140 per cent 

of that of the smahest, the chart answers for drops up to 40 per cent of 

the E. M. F. deli vera!. 

The terms radsiancr volts, rcsi.sfatur E. M. E., reactance I'olts, 
and reactance E, M. E., ivfcr, of course, to the voltages for overc^om- 
ing the back E. jNI. F. s (hie to resistance and rt»actance n\spectively. 
The figures given in the table under the heading **llesistance-Volts 
for One Ampere, etc.'' are simply the resistances of 2,(K)0 feet of the 
various sizes of wire. The values given under the heading **React- 
ance- Volts, etc.," are, a part of them, calculat(»d from tables published 
some time ago by Messrs. Houston and Kennelly. The remainder 
were obtained by using Maxwell's formula. 

The explanation given in the table accompanynig the chart 
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TABLE X 
Data for Calculating Drop In Alternating-Current Lines 

To bcuMil In ronjuDotlou will) Chart on opposite page. 

By means o( thu table, calculate lite Hi liilanf f-Volli aaii the Staclanrf-Vollt In (be 
line. an<l llnd what per ernt eu'h is ut tba a. M. F. ilellvered at 1h« end ot the Hue. 
SiartlnR (ram [be imlnt ou ibu obart where the verilcal Hue correspondiU); with the 
IHiwer-tactor iit llie luad Inlenieots the snlalles^ circle, lay oft In per cent the reslHtnnce 
K. M. V. borlzontnlly >nd to the rlicht; fruin the puliit thus obtained, lav on upward 
In per cent tho reautaiice-B. M. F. The circle on nhleh the last ixilnt CalU g[lres the 
.!_.'_ . . ..1..... ■!• « M .i>ii«.».i .. ,t,^ =„.! ^r ii.e line. Every tenth circle 
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to, say, one-half. Increasing the copper from No. to No. 0000 will 
not pnxhice the re(|uired result, for, although the resistance-volts will 
l)e reduced one-half, the reactance-volts will be reduced only in the 
ratio .212^ If, however, hvo inductively independent circuits of No. 

.228' 
wire l)e usal, the resistance- and reactance-volts will both be reducetl 
one-half, and the drop will therefore l^e diminished the require<l 
amount. 

The comjxmeiit of drop due to reactance is best diminished by sub- 
dividing the copper or by bringing the conductors closer together. It 
is little affected by change in size of conductors. 

An idea of the manner in which changes of power factor affect 

drop is best gotten by an example. Assume distance of transmission, 

distance between conductors E. M. F., and frequency, the same as in 

the previous example. Assume the apparent power delivered the 

same as l)efore, and let it be constant, but let the power factor be given 

several different values; the true power will therefore be a variable 

depending upon the value of the power factor. Let the size of wire 

l)e No. (K)()0. As the apparent |x>wer, and hence the current, is the 

same as before, and the line resistance is one-half, the resistance- 

Vj. M. F. will in this case be 

15 4 

- -■ , or 7 . 7 per cent of the E. M. F. deliveretl. 

Also, the reactance-E. M. F. will be 

.212X17.8 ^.. , 
' 228~ '^ H>.5percent. 

Combining these on the chart for a power factor of .4, and deducing 
the drop, in per cent, of the generator E. M. F., the value obtained is 
15.3 per cent; with a power factor of .8, the drop is 14 per cent; 
with a power factor of unity, it is 8 per cent. If in this example the 
true power, instead of the apparent power, had been taken as constant, 
it is evident that the values of drop would have differed more widely, 
since the current, and hence the resistance- and reactance-volts, 
would have increased as the power factor diminished. The condition 
taken more nearly represents that of practice. 

If the line had resistance and no reactance, the several values 
of drop, instead of 15.3, 14, and 8, would be 3.2, 5.7, and 7.2 per 
cent respectively, showing that for a load of lamps the drop will not 
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be much increased by reactance; but that with a load, such as induc- 
tion motors, whose power factor is less than unity, care should be 
taken to keep the reactance as low as practicable. In all cases it is 
advisable to place conductors as close together as good practice will 
permit. 

When there is a tmnsfornier in circuit, and it is desired to obtain 
the combined drop of transformer and line, it is necessary to know 
the resistiuice- and reactance-volts of the transformer. The resist- 
ance-volts of the combination of line and tninsformer are the sum of 
the resistance-volts of the line and the resistance-volts of the trans- 
former. Similarly, the reactance-volts of the line and transformer 
are the sum of their respective reactance-volts. The resistance- and 
reactance-E. M. F.s of transformers may usually he obtained from 
the makers, and are onlinarily given in per cent.* These per- 
centages expn^ss the values of the resistance- and reactance-E. M. F.'s 
when the transformer delivers its normal /w//-/oarf. current; and they 
express these values in terms of the normal no-load E. ^I. F. of the 
transformer. 

Consider a tmnsformer built for transformation between 1,000 
and 100 volts. Suppose the resistance- and reactance-E. M. F.'s given 
are 2 per cent and 7 per cent respectively. Then the corresponding 
voltages when the transformer delivers full-load current, are 2 and 7 
volts or 20 and 70 volts acconling as the line whose drop is required 
is connected to the low-voltage or high-voltage terminals. These 
values, 2 — 7 and 20 — 70, hokl, no matter at what voltage the trans- 



*When the required values cannot be obtained from the makers, they may be 
measured. Measure the resistance of both coils. If the lino to bo calculated is attached 
to the hiph-voltage terminals of the transformer, the equivalent resistance is that of the 
high-voliapre coil, plu» the resistance obtained by incrcaainq in the square of the ratio of 
transformation the measured resistance of the low-voltd^e coil. That is, if the ratio of 
transformation is 10. the etiuivalent r«^istan(!e referre<l to the hi|L;h-volta»?e circuit Ls 
the resistance of the high- voltage coil, plus 100 limes that of the low-voltage coil. This 
equivalent resistance multii>licHl by the high-voltagt; current gives the transformer 
resistance-volt:^ referred to the high-voltage circuit. Similarly, the equivalent resist- 
ance referred to the low- voltage cinniit is the resistance of the low-voltage coil, plus that 
of the high-voltage coil ridiwed in the sciuare of the ratio of traiLsformation. It follows, 
of course, from this, that the values of the resistance- volts referrwl to the two circuits 
bear to each other the ratio of transfonnatitm. To obtain the redact ance- volts, short- 
circuit one coil of the transformer and measure the voltage necessary to force through 
the other coil its normal current at normal fre(iuency. The result is. nearly enough, 
the reactance- volts. It makes no difference which coil is short-circuited, as the results 
obtaine<l in one case will bear to those in the other the ratio of transformation. If a 
close value is desired, subtract from the s^iuaro of tho voltage reading the square of the 
retiatance-\o\ts, and take the sfiuaro root of tho ditTorence as the reactance- volts. 
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former is operatic!, since they (lei)encl only ujx^n the strength of cur- 
rent, providing it is of the normal frecjuency. If any other than the 
full-l(^a(l current is drawn from the transformer, the reactance- and 
resistance-volts will l>e such a proportion of the values given alx)ve 
as the current flowing is of the full-load current. It may be noted, in 
passing, that when the resistance- and reactance-volts of a trans- 
former are known, its regidation may Ixj determined by making use 
of the chart in the same way as for a line having resistance and 
reactance. 

As an illustration of the method of calculating the drop in a 
line and transformer, and also of the use of table and chart in calculat- 
ing low-voltage mains, the following example is given: 

Problem. A singlo-phase induction motor is to be supplied with 20 am- 
peres at 200 volts; alternations. 7.200 per minute; power factor, .78. The 
distance from transformer to motor is 150 feet, and the line is Xo. Swire, G 
inches between centers of conductors. The transfonner reduces in the ratio 

-;,--, has a capacity of 25 am])cres at 200 volts, and, when delivering this 

current and voltapje, its resist ance-F^ M. F. is 2.5 per cent, its reactance- 
E. M. F. 5 per cent. Find the tlroj). 

The reactance of 1 ,000 feet of circuit consisting of two No. 5 
wires, () inches a])art, is .204. The reactance-volts therefore are 

•-^« X Ym >< -" = ■'' '"'''• 

Tlie resi.sfanc'o-volfs are 

.027 X -"H. X 20 = 1 .SS volts. 
1 ,(K)0 

At 25 amperes, the resistance-volts of the transformer are 2.5 per 

20 
cent of 200, or 5 volts. At 20 amperes, they are ^- of this, or 4 volts. 

Similarly, the transformer reactance-volts at 25 amperes are 10, 
and at 20 amperes are S volts. The combined reactance-volts of 
transformer and line are S + .01 = 8.01, which is 4.3 per cent of 
the 200 volts to he delivered. The combincnl resistance-volts are 1.88 
+4, or o.SS, which is 2.04 per cent of the E. M. F. to be delivered. 
Combining these (juantities on the chart with a power factor of .78, 
the drop is 5 per cent of the delivered E. M. F., 

or = 4.S per cent 

105 * 

of the imprcsstnl E. M. F. I'he transformer nmst be supplied with 
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?^*-= 2,100 volts. 
.952 

in onler tluit 200 volts shall In* delivered to the motor. 

Table X (page 47) is made out for 7,200 alternations, but will 

answer for any other number if the values for reactance be changed 

in direct proportion to the change in alternations. For instance, 

for 1(),000 alternations, multi[)ly th(» reactances given by J • 

For other distances between centers of conductors, interpolate the 
vahies given in the table. As the reactance values for dilVerent sizes 
of wire change by a constant amount, the table can, if desired, Ihj 
readily extended for larger or smaller conductors. 

The table is based on the assumption of sine currents and 
E. M. F.*s. The lH\st practice of to-<lay pnxluces machines which 
so closely apprt)ximate this condition that n\sults obtahied by the 
alx)ve methods aiv well within the limits of practical re(|uirements. 

Polyphase Circuits. So far, single-phase circuits only have 
been dealt with. A simple extension of the meth(xls given al)ove 
adapts them to the calculation of i)olyphase circuits. A four-wire 
quarter-phaftc (two-phase) transmission may, so far as loss and regida- 
tion are concenRxl,be replaced by two single-phase circuits identical 
(as to size of wire, distance In^tween wires, current, and E. M. F.) 
with the two circuits of the (piarter-phase transmission, provided that 
in lx)th cases there is no inductive interaction In^tween circuits. There- 
fore, to calculate a four-wire, (juarter-phase transmission, compute 
the single-phase circuit re(|uired to transmit one-half the power at 
the siime voltage. The (juarter-pliase transmission will re(|uire two 
such circuits. 

A three-wire, ihrec-pha^sr transmission, of which the conductors 
are symmetrically related, may, so far as loss and regulation are 
concerned, l)e replaced by two single-phase circuits havuig no in- 
ductive interaction, and identical with the three-phase line as to 
size, wire, and distance between wires. '^Fherefore, to calculate a 
three-phase transmission, calculate a single-phase circuit to carrj' 
one-half the load at the same voltage. The three-phase transmis- 
sion will recjuire thrw wires of the size and distance l)etween centers 
as obtained for the single-phase. 

A three-win*, (juarter-phase transmission may be calculated 
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exactly as regards loss, and approximately as regards drop, in the 
same way as for three-phase. It is jx)ssible to exactly calculate 
the drop, hut this involves a niort* complicated method than the 
approximate one. The error by this appmximate method is gen- 
erally small. It is jK)ssil)le, also, to get a somewhat less drop and 
loss with the same copper by proportioning the cross-section of 
the middle and outside wires of a three-wire, quarter-phase circuit 
to the ( uritMits they carrv% instead of using three wires of the same 
size. The advantage, of course, is not great, and it will not be c*on- 
sidered here. 

WIRING AN OFFICE BUILDING 

The Iniilding selecttxl as a typical siimple of a wiring installation 
is that of an office building located in Washington, I). C. The figures 
shown are reproductions of the plans actually used in installing the 
work. 

The building consists of a basement and ten stories. It is of 
fireproof construction, having steel beams with terra-cotta flat arches. 
The main walls are of brick and the partition walls of terra-cotta 
blocks, finished with plaster. There is a space of approximately five 
inches between the top of the iron beams and the top of the finished 
floor, of which s{nice about three inches was available for running 
the electric conduits. The flooring is of wood in the offices, but of 
concrete^, mosaic, or tile in the basement, halls, toilet-rooms, 
etc. 

The electric current supply is derived from the mains of the local 
illuminating company, the mains being brought into the front of the 
building and extending to a switchl)oard locateil near the center of the 
basement. 

As the building is a ve^^' substantial fireproof stnicture, the only 
method of wiring considered was that in which the circuits would be 
installed in iron conduits. 

Electric Current Supply. The electric current supply is direct 
current, two-wire for power, and three-wire for lighting, having a 
potential of 230 volts between the outside conductors, and 118 volts 
between the neutral and either outside conductor. 
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Switchboard. On the switch l)oard in the basement are mounted 
wattmeters, pnnided by the local electric company, and the various 
switches recjuired for the control and operation of the lighting and 
power feeders. There are a total of ten triple-pole switches for light- 
ing;, and eighteen for power. An indicating voltmeter and ampere 
meter are also placetl in the switchboard. A voltmeter is provided 
with a double-throw switch, and so arranged as to measure the poten- 
tial across the two outside conductors, or between the neutral con- 
ductor and either of the outside conductors. The ampere meter is 
arrange*! with two shunts, one being placed in each outside leg; the 
shunts are connected with a double-pole, double-throw switch, so 
that the ampere meter can be connected to either shunt and thus 
measure the current supplied on each side of the system. 

Character of Load. The building is occupied partly as a news- 
paper oflice, and there are several large presses in addition to the usual 
linotype machines, trimmers, shavers, cutters, saws, etc. There are 
also electrically-<l riven exhaust fans, house pumps, air-compressors, 
etc. The upper portion of the building is almost entirely devoted 
to offices rent(*d to outside parties. The total number of motors 
supplied was 55; and the total number of outlets, 1,100, supplying 
2,400 incandescent lamps and 4 arc lamps. 

Feeders and Mains. The arrangement of the various feeders 
and mains, the cut-out centers, mains, etc., which they supply, are 
shown diagranunatically in Fig. 41, which also gives in schedule the 
sizes of feeders, mains, and motor circuits, and the data relating to the 
cut-out panels. 

Although the current supply was to be taken fn)m an outside 
source, yet, hiasmuch as there was a prolmbility of a plant being in- 
stalled in the building itself at some future time, the three-wire system 
of ftK*dcrs and mains was designwl, with a neutral conductor equal 
to the combined capacity of the two outside conductors, so that 
120-volt two-wire generators could Ixj utilized without any change in 
the feeders. 

Basement. The plan of the basement. Fig. 42, shows the branch 
circuit wiring for the outlets in the Imsement, and the location of the 
main switch boanl. It also shows the trunk cables for the inter- 
connection s}'stem serving to provide the necessaiy wires for telephones, 
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tickers, messenger calls, etc., in all the rooms throughout the building, 
as will Ihj (lescril)e(l later. 

To avoid confusion, the feeders were not shown on the basement 
plan, l)ut were (lescril>ed in detail in the specification, and installed 
in accordance with directions issued at the time of installation. The 
electric current supply enters the building at the front, and a ser\'ice 
switch and cut-out are ])laced on the front wall. From this [X)int, a 
two-wire fci^lcr for power and a three-w^ire feeder for lighting, are 
nui to the main switchboard locate<l near the center of the basement. 
Owing to the size of the conduits required for these supply feeders, as 
well as the main feeders extending to the U[)per floors of the building, 
the said conduits are run exposal on substantial hangers suspended 
from the basement ceiling. 

First Floor. The rear j)ortion of the building from the basement 
through the first floor, Fig. 43, and including the mezzanine floor, 
between the first and second Hoors, at the rear portion of the building 
only, is utilized as a press room for several large and heavy, modem 
newspaper ])ress(\s. The motors and controllers for these presses are 
locatetl on the first floor. A separate feeder for each of these press 
motors is run dlrectlv from the main switchboanl to the motor con- 
troller in each case. Kmpty conduits were provided, extending from 
the controllers to the motor in each case, hitended for the various 
control wires installed by the contractor for the press ecjuipments. 

One-half of tlie front portion of the first floor is utilized as a news- 
paper office; the remaining half, as a bank. 

Second I-loor. The rear portion of the second floor. Fig. 44, is 
occupi(^l as a com])()sing and linotype room, and is illuminated chiefly 
by means of (In)p-cor(ls from outlets locattnl over the linotype machines 
and over the compositors' cases. Separate J-horse-power motors 
are i)rovidc(l for each linotype machine, the circuits for the same being 
nm underneath the floor. 

Upper Floors. A typical plan (Fig. 4')) is shown of the upper 
floors, as they are similar in all res])ects with the exception of certain 
changes in ])artitions, which arc not materiid for the purpose of illus- 
tration or for practical example. The circuit work is suflieiently 
intelligible from the plan to rccjuire no further explanation. 

Interconnection System. Fig. 40 is a diagram of the intercon- 
nection system, showing the main interconnection box located in the 
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basement; adjoining tliis main lx)x is located the terminal be)x of the 
local telephone company. A separate system of feeders is provided 
for the ticker system, as these conductors require somewhat heavier 
insulation, and it was thought inadvisable to place them in the same 
conduits with the telephone wires, owing to the higher potential of 
ticker circuits. A separate interconnection cable nms to each floor, 
for telephone and messenger call purposes; and a central box is placed 
near the rising point at each floor, from which run subsidiary cables 
to several points symmetrically located on the various floors. Fmm 
tliese subsidiary- boxes, wires can l)e nm to the various offices requiring 
telephone or other senice. Small pipes are provided to ser\'e as race- 
ways from office to office, so as to avoid cutting partitions. In this 
way, wires can be quickly provided for any office in the building with- 
out damaging the building in any way whatever; and, as provision is 
made for a special wooden moukling near the ceiling to accommodate 
these wires, they can be run around the room without disfiguring the 
walls. All the main cables and subsidiarj' wires are connected with 
special interconnection blocks numbered serially; and a schedule is 
pn)vided in the main interconnection box in the basement, which 
enables any wire originating thereat, to be readily and conveniently 
traced throughout the building. All the main cables and subsidiary 
cables are nm in iron conduits. 

OUTLET-BOXES, CUT-OUT PANELS, AND 

OTHER ACCESSORIES 

Outlet-Boxes. Before the introduction of iron conduits, outlet- 
boxes were considered urinecessarj', and with a few exceptions were 
not used, the conduits l)eing brought to the outlet and cut off after the 
walls and ceilings were plastered. With the introduction of iron con- 
(luits, however, the necessity for outlet-boxes was realized; and the 
Rules of the Fire I'nderwriters were modified so as to require their use. 
The Rules of ihe National Electric Code now require outlet-boxes to 
l)e used with rigid iron and flexible steel conduits, and with armored 
cables. A j)ortion of the nde recjuiring their use is as follows : 

All interior coiuluits and armored caMes ''must be ccjuipped at every 
outlet witli an apjjroved out let -box or plate. 

•'Outlet-plates must not be used where it is practicable to install outlet- 
boxes. 
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"In buildings alroady constructed, whore the conditions are such that 
neither out h»t-l)()\ nor j)hitecan he installed. thes<^ ai)phaneesmny bo omitted 
hy s})ecial permission of the inspection department having jurisdiction, pro- 
viding the conduit ends are hushed and secured." 

Fig. 47 sliows a tN-j^ical form of ()utlet-lx)X for bracket or ceiling 
outlets of the utiivrrftal tj/pc, When it is desired to make an opening 

for the (-(jndiiits, a blow from a hammer 
will remove any of the weakened portion 
of the wall of the outlet-box, i\s mav be re- 
C|uired. This form of outlet-l30x is fre- 
(juently referrtxl to as the knock-out ftjpe. 
( )ther forms of outlet-lK>xes are made with 
the openings cast in the box at the re- 
quircnl pouits, this class being usually 
stronger and better made than the univer- 
sal tyjR*. The advantages of the universal 
typ(» of outlet-l)ox are that one form of lx)X will ser\'e for any onlinarj' 
conditions, the oj)enings being made according to the numl)er of 
conduits and the directions in which thev eiiter the lx)x. 

Fig. -IS shows a waterproof form of outlet-lK)x used out of doors, 
or in other places where tlie conditions rccjuire the use of a water- 
tight and wateqiroof (>utlet-l)ox. 

It will be seen in this case, that the 1m)x is threaded for the con- 




Fip. 47. rnivrrsnl aiul 

Knork-Out Tvpe of 

Outlet liux. 
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('i>u/i< .<{/ of //. Knttifz M-mnfiii t'lriini ('<i.. Ilrnnkh/n. y. \. 

duits, and that the cover is screwed on tightly and a flange pmvided 
for a nibber gasket. 
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Fiys. 4i) jiiid .W show water-tight fliH»r tK»xes whicli are for outlets 
loc'Htfil III tliofi(K:r. While the niles do not n-fjuire that the fi<H»roiitlet- 
Ih>x shall lie water-tight, it is slnmply re<t)iiimeii(]etl that a wiiter- 
tight outlet be iiseil in all cases for lloor eoiiiicefions. In this case 
also, the condint o|»ening is tlireadeil, as well as llie stem cover Ihrongli 
which the extension is iiiiide in the conduit to the desk or table. When 
the floor outlet eonneetion is not required, the stem cover may be 
removed and a flat, blank cover Ik- used to rejilace the same. 

A fonn of outIet-lM)x u.sed for flexible steel cables and sleel ar- 
mored cable, has already l>eeii showni (see Fig. 5). 

There is hanlly any limit to the numlier and variety of makes of 
outlet-lxjxes on the market, adapted for onlinan' and fur sj)ecia! con- 




ditions; but the lyjH'M illustr-.itwl in these pages are clianicteri.stie and 
tj-pioal forms. 

Bushings. The lUilv-i of ihi- Satioiial Eh-rhiv Code re<]uire (hat 
conduits entering jnni-tion-lwxes, outlet-lH>xes, or cut-out cabinets, 
shall be provided with iippiin^-d bu)tliin</-i, fltteil to protect the wire 
from abnision. 

Fig. ol shows a typical form of conduit Imshiiig. This bushing 
is screwed on the end of the conduit after the latter has l>een intro- 
dneed hito the outlct-liox, cut-ont cabinet, etc., thereby forming an 
insulaletl orifice to protect the win- at the |K)int where it leases the 
conduits, and to prevent abnision, grounds, short circ-uifs, etc. A 
h)ck-nut (Fig. ry2) is screweti on the threaded end of the (■on<luit Iiefore 
the conduit is placed hi the outlet-box or cut-ont cabim*t, and tins 
liK-k-nut and bnsliing clamp the i-onduit seeun-ly in position. Fig. 
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filj mIkiws 11 tcriniuiil hiisliiiig for piinel-boxes ii,se«l for flexible steel 
c-omliiit ur arinored cable. 

'i'lie Ihilfs oj Ihr Xallmal Electric Cixlf rocjiiire tliat the metal 
of coiiiiiiits .siiiill he |x'riiiiiiiently and effectually (^roiiiuled, so as to 

insure a positive 

/^ -^=1^--. ""^ /5^ ^"^^ connection for 

/ /*.- -*£-, \ ^*^-<^-^ -*Si£>>!?^ gromids or leuk- 

ing currents, and 
in onler to pro- 
vide a path of 
least resistance 
to prevent the 
i-ia.5i. couiUinniishinB. current from 

finding a path 
througli any snunt! which might cause a fire. At outlet-boxes, the 
ctHiihiits and giispi]>es must 1k' fastentxl in such a manner as to 
iii.siiri' good electrical connection; and at centers of distribution, 
the conduits .shoul*! be joine<i by suitable bond 
wires, preferably of copjier, thcsaid bond wires 
' Ijfiiig connected to the metal structure of the 
building, or, in ca.sc of a building not having 
Kig 52 i.M,u-Niit "" ''^" **■" ^^^ stnicture, being grounded in a 
permanent maimer to water or gas piping, 
Fuse-Boxes, Cut-Out Panels, etc. From the very outset, the 
necessity was apparent of having a pntteetivc device in circuit with 
the conrlni'tor to protect it from overload, short circuits, etc. For 
this piirjjose, a fusible 
metal having a low 
melting point waseiu- 
ployt.l. The form of 
lliis fuse has varie.1 
greatly. Fig. -'14 shows 
a characteristic form 
(if what is known iis 
the liiil: jiLsc with co]}p 
pjii'ity of the fu.^\ 

The form of fuse us' 
although it is now l«;iii 
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I'r terminals, on which are stamped the ca- 

i-d pniliiibly to a greater extent than any other, 
ig superscfJeil by other more modem forms. 
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is tliat known us the Ediatm fu»e-plug, .sliown in V\^. ;)5. A porcelain 
cut-out Uock used witli the Ktlison fuse ia shown in Fij;. 50. 

Within the last four or five yenrs, a new form of fuse, known ns 
the enclosed fuse, has lieen introdufcii iinil used to a consideruble 
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Fig. bL Cotiper-Tliipei) Fusi^ Lluk. 
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extent. A fuse of tlus t_\pe is shown in Fig. 
tional view of this fuse, showing the ymntu 
fuse-strips, and also the 
lilown. Tins fomi of fus 
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ng .summndinp the 
ilevice for iiiclicatiu}; wlien the fuse has 
is inaile with various kinds of tenninals; 
it ran l»e used with spriiifr clips in small 
sizes, and with a [losf screw ectntaet in 
larger siws. For ordinan- low jmtentials 
this fuse is (lesinilile for cnrrenls up to 
25 aTn|»er«'s; Init it is a delmtiihle ques- 
tion whether it is desiraitle lo use an en- 
closed fuse for heavier cu.Ti'nts. Fig. -ly 
shows a cuf-<iul hojr with Kilison plug 
fuse-l>loc-ks used with knob and tulie wiring. Il will Ik- seen that 
there is no connwfion conipartnient iu diis fuse-lH>x, iis the eireuits 
enter directly opjKKiite the terminals with which lliey connwrt. 

Fig. GO shows u cut-ovl panel a<Ia|iled for enclosed Fuses, ""d 
installed in a cab- 
inet having a con- 
nection comiwirt- 
ment. As will lie 
seen from the out, 
the tablet itself is 
suminndeil on the 
four sides by slate, 
which is setureil in the comers by angle-irons. The outer l»ox may 
be of wood lined with sheet iron, or it may lie of inin. Fig. (It 
shows a door and trim for a cabinet of tiiis tyjx'. It will be .seen that 



Flk W 



f t II 1 -.I'd 1 11 



us 



ELECTRIC WIRING 



tlie ilotir opens only on the center panel, and that the trim covers and 
conceals the connection compartment. Tiie inner side of the door 
should be lined with slate, and the inner sitie of the trim should be 
lined with sheet iron. Fig. 62 showi^ a scrlional view of the cabinet 
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type of fidiinel, the conduits niay enter at any 

point, the wnres being 

III run to tlie proper con- 

nector.s in the connection 

con 1 part men t. 

Figs. 63 and G4 illus- 
tnile a type of pnnel- 
IxKU-d iind cabinet hav- 
ing a puah-button switch 
connected with each 
branch circuit and so 
iirninged that the cut- 
oTil pjinel itself may l>e 
enclosed by locked doors, 
;i nd access to theswitclies 
ULiiy lie obtained through 
,',';;, ,■:.]. ■ ., two separate doors pm- 

vided with latches only. 

This type of panel was arrangol anil designed by the author of this 

instruction paper. 

OVERHEAD LINEWORK 

The advantages of overhead linework as compared with umler- 
groiuid linework are that it is much less expensive; it is more n?adily 
and more quickly installed ; and it can be more readily inspected and 
repaired. 

Il3 principal disadvantages are that it is not so permanent as 
underground linework; it is more easily deranged; and it is more 
unsightly. 

For large cities, and in congested districts, overhead linework 
should not be used. However, the (luestion of first cost, the question 
of permanent*, and the municipal regulations, are usually the factors 
which determine whether overhead or underground linework shall 
be uaed. 
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The principal factors to be coiisitlered in overheat! iinework will 
be briefly outHnetl. 

Placing of Poles. As u general nile, the poles should be set from 
100 to 125 feet apart, which is equivalent to 53 to 42 poles per mile. 
Under certain conditions, these'sDacinga piv»n will have to l»e modifinl ; 
but if the poles are spaced tni Tip ipirl liien is dinpr of t nt grt it 
a strain on the jxiles theniseKis and on the (n><>s-unns pms i^xl 




if l>ciiili1el'ul Oil 

conductors. If, on the other hand, 
they are placed too close together, 
the cost is unnece.ssirily increased. 
The size and nunil>er of conduct- 
ors, and the potential of the line- rig. ffl- 
work, determine to a great extent 

the distance l)etween the poles; the smaller the .size, the less the num- 
ber of conductors; and the lower the [wtential, the greater the distance 
Ijetwcen the pedes may he made. Of course, the exact location of 
the poles is subjei't to variation l)ecause of trees, buildings, or other 
obstructions. The usual methtxl cniployeil in locating poles, is first 
to make a ma]) on a fairly large scale, showing tlie course of the line- 
work, and then to locate the poles on the ground according tc the actual 
conditions. 
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Poles. I'oles sliouki lie of selected qualiti,* of chestnut or c«lar, 
and should lie sound mik! free froin cracks, knots, or otlier flaws, 
i'^xperieiire has proven tliiit chestnut ami cedar poles are the most 
durable and beat fitted for linework. If neither chestnut nor cedar 
poles call be obtained, nortliem pine may \>e useil, and even other 
tiinlwr in liK-ulilies where these poles cannot be obtained; but it is 
found that the other woods do not last so long as those nientioned. 







and some of the other woorls are not only less strong initially, but are 
apt to rot much quicker at the "wind and water line" — that is, just 
above and below the surface of the grounil. 

The praper height of pole to be used depends upon conditions, 
Incountrj' and suburban districts, a pole of 25 to 30 feet is usually 
of sufficient height, unless there are more than two or three cniss-arms 
requiretJ. In more densely populated districts and in cities where a 
great iuitnl>er of cross-arms are reijuired, the [kiIcs may have to Ije 
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40 to 00 feet, or even longer. Of course, the longer the pole, the 
greater the possibility of its breaking or Ijending; and as the length 
increases, the diameter of the butt end of pole should also increase. 
Table X gives the average diameters required for various heights of 
poles, and the depth the poles should be placed in the ground. These 
data have l)een compiled from a number of standanl specifications. 

TABLE X 

Pole Data 



Lknotii of Po i; 



25 


feet 


30 


ft k 


35 




40 




45 




50 




55 




60 




65 




70 




75 




SO 
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17 '• 




18 ' 




19 " 




20 " 
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As it is somewhat dittlcult, because o( irregularities in size, to measure the diame- 
ter of some poles, the circumference may be measured instead; then, by multiplying 
the diameters given in the above table, by 3.1416. the measurements may be reduced 
to the circumference in inches. 

The minimum diameters of the iK)le at the top, which should \)e 
allowcnl, will depend largely on the size of the conductors used, and 
on the potential carriwl by the circuits; the larger the conductors 
and the higher the potentials, the greater should be the diameter at 
the top of the jK)le. 

Poles should be shaved, hous«l, and gained, also cleaned and 
ready for painting, l>cf()re erection. 

Poles should usually be painted, not only for the siike of appear- 
ance, but also in onler to prcscne them from the weather. It is par- 
ticularly innK)rtant that they should be protected at their butt end, not 
only where they are surrounded by the ground, but for a foot or two 
al)ove the gnnind, as it is at this point that poles usually deteriorate 
most rapidly. Painting is not so satisfactorj' at this point as the use 
of tar, pitch, or creosote. The life of the pole can be increased con- 
siderably l)y treating it with one or another of these preservatives. 
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Before any poles are erected, they shouk! be closely inspected for 
flaws and for crookedness or too grent departure from & straiglit line. 
Where appearance Is of eonsideralde importance, Dctagoiial poles 
may be used, although these cost considerably more than round poles. 
GahiJi or notches for ihe cross-arms should Ik- cut in the jwles l)efore 
they are erected, and should Ije cut square with the axis of the pole, 
iuid so that Ihe cross-arms will fit snugly and tightly within tlie space 
tlius provided. The.se gains should he not less than 4\ inches wide. 




fl Willi Piiah-Bullnn Swluh<!.<i. With 



nnr less than J inch deep. Gains should not be placed closer tJian 24 
inches between centers, and die tjp gains should be at least 9 inches 
from the apex of the ptjle. 




ELECTRIC BELL WIRING. 

— ^ I moW^ H -C- 

In wiring for electric bells to he operated by battel ies, the 
danger of causing fires from short circuits or poor contacts does 
not exist as in the case of wiring for light and power, because the 
current strength is so small. Neither is the bell-fitter responsible 
to city insjjfectors or fire underwriters. On this account, bell 
fitting is too often done in a careless and slovenly manner, caus- 
ing the apparatus to give unsatisfactory results and to require 
frequent repairs, so that the expense and inconvenience in the end 
far more than offset any time saved by doing an inferior grade of 
work. Hence, at the outset it is well to state that as much care 
should be taken in the matter of joints and insulation of l)ell 
wiring as in wiring for light or power. 

If properly installed, the electric bell forms a reliabh? and yet 
inexj)ensive means of signaling, and is far su|>erior to any other. 
On this account practically every new building is fitted through- 
out with electric bells. 

In addition to the necessity of thoroughness already men- 
tioned, care should be taken to use only reliable ap|)aratus which 
must l)e installed in accordance with the fundamental principles 
on which its satisfactory operation de|xjnds. 

WIRE. 

The common sizes of wire in use for bell work are Nos. 
18, 20, and 22. In general, however, No. 20 will be found satis- 
factory as it is usually sutliciently large, while in many cases No. 
22 is not strong enough from a mechanical standpoint. 

It is im|X)rtant that the wires should be well insulated to pre- 



Fifi:. 1. 

vent accidental contacts with the staples or other wires. First of 
all the wire should be tinned, as this prevents the copper from 
being acted upon by the sulphur in the insulation. It also facil- 
itates soldering. The inner coating of insulation should be of 
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india rubhor, surrounded by several longitudinal strands of cotton, 
outside of wliieli are wound several strands of colored cotton laid 
on spirally. This is next immersed in melted paraffin wax and 
polished by friction. A short length of approved electric bell wire 
is shown in FiiX- 1. 

When ordering wire, it is well to have it furnished in several 
different colors as this greatly facilitates both the original instal- 
lation and later n»j)airs, because in this way one line may be dis- 
tinguished from another, taps from main lines, etc. Moreover, a 
faulty wire having been found, it is possible to identify it at any 
desired section of its lencrth. 

METHODS OF WIRING. 

In runnintr wires, the shortest and most direct route should, 
of course, be taken between the battery, bells, and bell pushes. 
There are two cases to be considered. The better method is that 
in which the wires are run before the building is completed, and 
the wiriniT should be done as soon as the roof is on and the walls 
are uy). In this case the wires are usually run in zinc tubes 
secured to tlu» walls w'th nails. The tubes should be from § inch 

to -1 inch in diameter, preferably 

the latter. It is better to place 

the wires and tubes simultane- 

^ Nl -^ ^^^^sly? ^^"t the tubes may be put 

in place first and the wires drawn 
in afterward, although this latter 
plan has the ()l)jecti()n that the insulation is liable to become 
abradtnl when the wires are drawn in. In joining up two lengths 
of tube, the end of one piece should be opened up with the pliers 
so that it niity receive the end of the other tube, which should also 
be ojRMicd up, but to a less extent, to prevent wear upon the 
insulation. Specially prepared paper tubes are sometimes substi- 
tuted for the zinc. 

If the building is completed before the wiring is done, the 
concealed nu'thod described above cannot be used, and it is neces- 
sary to I'un the wires along the walls supj)orted by staples, where 
they will be least conspicuous. Fig. 2 shows ordinary double- 
pointed tacks, Fig. H shows an insulating "Saddle staple which 
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18 to be rwoiiitiifjiideil. Two wires ahoiild never be secured under 

the Hiiiiie etii[)le if it can poBsibly be avoided, owing to the c 

of short circuits. With a little 

care it is usually possible to con- 

ceal the wiriiii;; behind the picture 

moulding, along the skirtititr-boanl, 

and beside the door posts^ but wheR> 

it isiinpoBfiiMe to conceal it, alight 

oniaiiieiital ca^iing to match the 

finish of the room, may he usfd. t'ig. 3. 

It is sojiK'tinit'S advisable to use 

twin wirua or- two inanhited wires run In the same outer covering. 

In some casfs it is well to run the wirL-s under the floors, 
laying them in notches in the tops of the Joists or in holes bored 
about two inches below the tops of the joists. 
JOINTS. 

When inakintf a joint, care should l>e taken to have a firm, 

clean connection, both mechani cully and electrically, and this must 

always be soldered to pn-vent corrosion. Tlie insulation should 

be stripjK'd ofT the einls of the wires to be joined, for a distance of 

, about 2 inches, and the wires nimle bright by scraping or sandpa- 

<\ 
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loiild the 



itited tightly and everdy togetlie 



pering. Tlu-y i^ 
as shown in Fig. 4. 

Xext coines the oj)eration of soldering, which is absolutely 
ne<'cspary if a ])i-rinaiK-nt joint front an elwrtrical standpoint ia to 
be obtaint^. A joint made without sohler may 1k' electrically 
sound at first, but its resistance nipidly inereapes, due to deteri- 
oration of the Joint. As has already l.teen stati-d, the wires should 
Ik- iiiude bright and clean l)efore they are twisted together. 
Soldering fluids phonld never beuHed, beeimse they cause corrosion 
of the win-. Tiie !>eat flux to use is ri'sin or eonif)osite candle. 
The soldering should always lie done with a copjver bit rather than 
with a blowjiijM or wireman'a torch. 



ELECTRIC BELL WIKING 



A convenient form of soldering tool consists of a small copper 
hit havintr a semicireular noteh near the end. This hit should, of 
course, he \vell tinne<L It is then heati^i over a spirit lamp, or 
wireinan's torch, and the notch tilled with soft solder. Lay the 
joint, wliich has previouslv heen treated with the flux, in this 
notch and turn it so that the solder runs completely around among 
the spirals of the joint. The loose solder should he shaken oflF or 
removed with a hit of rag. When the joint is set, it should be 
insu]atc<l with ruhher tape, so that it will be protected as perfectly 
as the other portions. 

It is often ])0ssii)le to save a considerable length of wire and 
amount of labor hy using a ground return, which, if properly 
arranged, will give very satisfactory results, although a complete 
metallic circuit is always to be ])referred. Where water or gas 

njains are available, a good ground may "be ob- 
tained by connecting to them, being sure to 
have a good connection. This may be se- 
cured by scra[)ing a ])ortion of the pipe 
perfectly bright and cUnin and then winding 
this with hare wire; the whole is then well 
soldered. An end should be left to which 
the wire from the bell circuit is twisted and 
/~^r/l/n soldered. If such mains are not available, 

V — iJ 1/ a good ground c|in be ol)tained by connecting 

the wire from the bell circuit, as described 
.'ibove, to a ])unip pipe. In the absence of 
water and gas mains, and of a p'lnip pipe, 
a ground may ])e obtained by burying beneath 
permanent moisture level a sheet of copper 
or lead, h:iviiig at least live sipiare feet of surface, to which the 
return win^ is c(Mniecte<l. The ground plate should be covered 
with coke iiearlv t(^ tiie surface; the hole should then be filled in 
with ordinary soil well raninie(l. 

OUTFIT. 

The three esstMilial parts of (he electric beli outfit are the bell 
])U.-h. which furni-hes a nieans of opeuing c'ln.l closing the circuit 
at will, the battery, which furnishes the current for operating the 
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bell, and the bell itself. Before diaeiissing tbo combination of 
these pieces of apparatus in tbo complete circuit, let us take up 
the individual parts in oi-di-r. 

A bell push is sbown diagram niatically in Fig, 5. In this 



illustration P i 



th 



10 push button; when 



this is pressed upon it briiifjs the point 
of the spring S in contact with the metal 
strip ii, thus closing tlie circuit with whicli 
it is connected in series. Norniidlj the 
springs are separated as shown, and the 
circuit is accordingly ojk'h. 

Bell pushes are made in vnrious lie- 
signs and styles, from the simple wooden 
push shown in Fig, (i to verv elaborate ai 
Fig. 7 shows fonr cast bronze pushes of neat apjiearaht-o and mod- 
enite price. 

Batteries. Flt'ctric liells aio nearly always operated on the 
open circuit plan, aiid hen(;t) the bnttery used is generally of th© 





Opon circuit type, such as'tho lA'clancho cell, which ia used very 
largely except for heavy work. This is a zinc-carhon cell in which 
the excitant is sal-ammoniac dissolved in water. Polarization is 
prevented by peroxide of niangaiu'se, which gives up part of its 
oxygen, combining with the hydrogen set free and forming water. 
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Dry Batteries are also frequently used for bell work, their 
principal advantage being cleanliness, as they cannot spill. Dry 
cells are really a modiiication of the I^clanche type, as they use 
zinc and carbon plates and sal -ammoniac as the exciting agent. 
The Burnley cell, which is one of the principal types of dry cell, 
has an electrolyte composed of sal-ammoniac, chloride of zinc, 
plaster, flour, and water. This compound when mixed is a semi- 
liquid mass which quickly stiifens after being poured into the cup. 
The depolarizing agent is peroxide of manganese, the same as is 
used in the Leclanche cell, this being packed around the carbon 

cylinder. The top of the cell is sealed 
with bitumen or some similar substance. 
For very heavy work the Edison- 
Lalande and the Fuller types of cell are 
best suited, while for closed circuit work 
the gravity cell is most satisfactory. 

Bell. It is a well-known fact that 
if a current of electricity flows through 
a coil of wire wound on an iron core, 
the core becomes magnetized and is ca- 
pable of attracting any magnetic sub- 
stances to itself. The operation of the 
electric bell, like that of so many other 
pieces of electrical apparatus, depends 
upon this fact. A diagrammatic repre- 
sentation of an electric bell is shown in 
Fig. S, in which M is an electromagnet 
composed of soft- iron cores on which are wound coils of insulated 
wire. The armature is mounted upon a spring K, and carries a ham- 
mer H at its end for striking the gong. On the back of the armature 
is a spring which makes contact at 1) with the back stop T. The 
action of the bell is as follows: When the circuit is closed through 
the bell a current Hows from terminal 1, around the coils of the 
magnet, through the sj)ring K and contact ])oint D, through the 
back stop T, to terminal 2. In Howing around the electromagnet the 
current magnetizes its core, which conse(juently attracts the arma- 
ture. This caust»s the hammer II to strike the gong. While in 
this position the contact at D is broken, the current ceases to flow 




Fig. 8. 
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around the elect roiiiiigtiet uiid tlie corea consequently lose tbeir 
attractive force. The armature is then i'aiTie<! hack to its original 
positiun hy the spring K, iiiukiDg contact at I), and the process is 
repeated. The hammer will thus vibrate and the bell continue to 
ring as long as the circuit is closed. 

The type of bell deBcril)ed above ii (he one moat commonly 
used. Such bells are made in a great variety of aliapes and styles, 
the prices viirying accordingly. It is important that platinum 
tips be furnished at tlic contact jioint 1), Fig. 8, to prevent cor- 
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rosion. Tbo bells on the market today are of two classes, the iron 
box Ijtdl and tJie wooden 1k»x Ih'II. A bell of the wooden box type is 
shown in Fig, '.', and a higher grade! liell of the iron frame skeletou 
type is shown in Fig. 10, IJellswi [hunt covers should never be used, 
as dust will settle on the contacts and interfere with their action. 
CIRCUITS. 
The possible winibinations of the various parts into complete 
circuits are so varied that it would be impossible to descrilje tlieii" 
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all; in fact, aliiicst every one is tt> a certain extent a special 
problem. It is, however, possii)le to give typical circuits the 
underlying j)rinciple8 of which can he applied successfully to any 
particular case. 

Fig. 11 shows a hell circuit in its simplest form, in which P 
represents the pnsh, B the hell, and C the hattery; all connected 
in series. The circnit is normally open at P, and hence no cur- 
rent Hows to exhaust the batteries. 
When P is pressed, the circuit, 
otherwise com])lete, is closed and 
current ])asse3 through the bell 
causing it to ring, as already ex- 
plained. For instance, the push 
micdit be loc^ited beside the front 
door, the bell in the kitchen and the 
battery in the cellar; the location dejjcnding on the results desired 
and conditions to be met. The wire between P and C may, if 
necessary, be disj)ensed with and connection made to ground at G 
and Ct, as shown by the dotted lint^s. 

Fii£. 12 shows an arrantrement by means of which one bell B 
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Fig. 12. Fig. 13. 

may be controlled by either of the pushes P or P. This system 
may l)e extended to any number of j)ushes similarly connected. 

A method for ringing two bt»lls simultaneously from one push 
is shown in Fig. 18, where both bells I> and P' will ring from push 
P. Pells, if connected in this maniuM*, should have as nearly as 
possible the same resistance, otlierwi;:5e the bell of lower resistance 
will take so much current that thtM*e will not be a sufficient anjount 
left for the other. Also, th(» batteries must be of greater current 
cajjacity as the amount of current taken is, of courses doubled. This 
system can be extended to any number of bells connected in this 

V ft- 

way, up to the limit of capacity of the battery to ring them. Figs. 
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12 and 13 may be combiiuil so that tw(i or more bella may be 
ning from any cue of two or more pushes. 

In Fig. 14 is sliown a schfiiie for ringing either tiell, H or B', 
from one push ami one battery by means of the two-point Bwiti-h 




Fig. 14. 



S. "When the arm of Ibe switch is on t-ontuet 1, the juish will 
ring Iwil H, and when on contact 2 it will ring bell I!'. 

Ill Fig. ir» is shown u method of connecting bells in series so 
that 1* and B' may Iw ning from P. If all the bells so connected 
were of the vibrating type, tliey woidd network Batisfactorily, as 
it would be imjiossibh^ to time them so that the vibrations would 
keep step, hence only one bell should 
bo of tile vibrating type, and the others 
should liavo the circuit breakers short- 
circuited, the vibrating bell serving as 
interrupter for the whole series. Obvi- 
ously this system reqnires a higher \oIt- 
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age than [Mrallel connection, and the 
cells mast be of sntlieient K.M.F. to 
ring the liells sat i:? facto rily. Several 



1k;118 may be cunneeted in this way. if 
desired, up to the limic of voltage of the 
battery. 

Ofteutiiiies a Ih-II i,s to be rung from 
For instance, the bell 




.■ral <lifFereiit ]'lneea. 
.■levator may Iw rung from any one of 
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several floors, or the bell in the oftice of n liotel may be nino; from 
any one of several diiferent rooms. In this ease it is necessary to 
have some device to indicate from which pnsh the bell was rung. 
The annunciator furnishes this information very well. A three- 
station annunciator is shown in Fig. 10. The connections for an 
annunciator a:e shown in Fig. 17 where A represents the anun 
ciator, U the bell, C the battery, and P', P", and P* the pushes. 
For instance, when P^ is j)ressed, the current passes through the 
electromagnet controlling point 1 on the annunciator which causes 
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Fig. 17. 

the arrow to be turned and at the same time the bell rings. After 
the attendant has notetl the signal, the arrow is restored to its 
normal position by pressing a lever on the bottom of the annun- 
ciator box. 

The electric burglar alarm furnishes a very efKcient protec- 
tion and is an application of the principles already described. The 
circuit, instead of being completed by a push, is completed by 
contacts placed on the doors or windows so that the ojHMiing of 
either will cause the bell to rintr. The same device may be used 
on money-drawers, safes, etc. 

In the case of the electric lire alarm, the signal may be given 
either automatically when the temjjerature reaches a certain degree, 
or ])us)ies may be placed in convenient locations to be 0[x^rated 
manually. The |)U.shes should be j)rotected by glass so that they 
will not be tani[)eivd with, it being necessary to break the glass 
to give the alarm. 
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ELECTRIC LIGHTING. 



HISTORY AND DEVELOPMENT. 



.> V\-Lv.'cX c\ J l^.C 'J 



The history of electric ]itji;htinc^ as a commercial proposition 
begins with the invention of the Gramme dynamo (by Z. J- 
Gramme) in 1870, together with the introduction of the Jab* 
lochkoflE candle or light, which was first announced to the pul)lij 
in 1876, and which formed a feature of the International Expo 
sition at Paris in 1878. Up to this time, the electric light was 
known to but few investij/ators, one of the earliest beincr Sir Hum- 
phrey l)avy who, in 1810, })roduced the first arc of any great 
magnitude. It was then calked the ** voltaic arc", and resulted 
from the use of two wood charcoal pencils as electrodes and a 
powerful battery of voltaic cells as a source of current. 

From 1840 to 1851), many patents were taken out on arc 
lamps, most of them operated by clockwork, but these were not 
successful, due chietly to the lack of a suitable source of current, 
since all depended on primary cells for their power. The interest 
in this form of hVht died down about 1859, and nothintr further 
was attempted until the advent of the Gramme dynamo. 

The incandescent lamp was but a piece of laboratory appa- 
ratus up to 1878, at which time Edison ])roduced a lamp using a 
platinum spiral in a vacuum, as a source of light, the j)latinum 
being rendered incandescent by the passag"e of an electric current 
through it. The first successful carbon fi-lament was made in 1871), 
this filament being formed from strips of bamboo. The names 
of Edison and Swan are intimately connected with these early 
experiments. 

From this time on, the development of electric lighting has 
been very rapid, and the consum])tion of incandescent lamps alone 
has reached several millions each year. When we conipare the 
small amount of lighting done by means of electricity twenty-five 
Years ago with ihe enormous extent of lighting systems and the 
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nuTneron3 applications of electric illumination as they are toda), 
the {rrowth and,(levelo[)nieiit of the art is seen to be very great, 
and tho value ot a study of this subject may be readily appreciated. 
Wliile ill many cases electricity is not the cheapest source of 
power lor illumination, its admirable qualities and convenience 
of operation make it by far the most desirable. 

Classification. The subject of Electric Lighting may oeclas- 
sitied as follows: 

1. The typo of lamps iis(hI. 

2. Tho methods of distributing power to the lamps. 

3. Tho use made of tho lijrht, or its application. 

4. Photometry and lamp testing. 

Taking up these branches in the order named, we may further 
subdivide the types of lamps used into: 

1. Incandescent lamps. 

2. Arc lamps. 

3. Special lamps, or lamps which do not require carbon, such as the 
Nernst lamp, Cooper-Hewitt lamp, etc. 

The Incandescent Lamp. The incandescent lamp is by far the 
most common type of lamp used, and the principle of its ojieration 
is as follows: 

If a current I is sent tliroutjh a condnctor whose resistance is 
K, for a tinu^ t^ the conductor is heated, and the amount of heat 
generatinl is: 

Heat geneiat(Hl - I'-R /, I'-Tl f representing joules or watt- 
seconds. 

If the curren^, material, and conditions are so chosen that 
the substance may bo In^atcd in this way until it gives out light, 
becoines incandescent, and does not deteriorate too rapidly, we 
have an incandescent lanij). Carbon is the substance chosen for 
this conductor and for ordinary la!n[)s it is formed into a small 
thread or iihmu'nt. Carbon is selected for two reasons: 

1. The material must be capable of standing a very high 
temperature, I'JsO to l:^:)0' (\ 

2. Ft must be a conductor of electricity with a fairly high 
fesi stance. 

PiatinuUi has been used for the material, but, as we shall see, 
;t8 temperature cannot be maintained at a value high enough to 
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make the lamp as efficient as when carbon is used. Nearly all at- 
tempts to substitute another substance in place of carbon have 
failed, and the few lamj)8 which are jmrtially successful will be 
treated under the head of special hunj)s. The nature of the car- 
bon employed in incandescent lamps has, however, been much im- 
proved over the lirst forms, and the method of manufacture will 
be treated next. 

MANUFACTURE OF INCANDESCENT LAMPS. 

Preparation of the Filament. Cellulose, a chemical com- 
pound ridi in carbon, is })repared by treating absorbent cotton 
with zinc chloride in proper proj)()rtiuns to form a uniform, gela- 
tine-like mass. It is customary to stir tliis under a partial vac- 
uum in order to remove bubbles of air which mijrht be contained 
in it and destroy its uniformity. This material is then forced, 
"-squirtetk," through steel dies into alcohol, the alcohol serving to 
harden the soft, trans[)arent threads. These threads are then 
thoroughly waslu^d to remove all trace of the zinc chloride, dried, 
cut to the desired lengths, wound on forms, and carbonized by 
heating to a high tenij)erature away from :;ir. During carboni- 
zation, the cellulose is transformed into pure carbon, the volatile 
matter being driven oif by the high temperature to which the fil- 
aments are subjected. The material becomes hard and stiff, as- 
suming a ])ermanent form, shrinking in both length and diameter; 
the form beintx speciallv constructed so as to allow for this shrink- 
age. The forms are made of carbon blocks which are ])laced in 
pi um])ago crucibles and j)acked with powderinl carbon; the cruci- 
bles are covered with loosely iittinir carbon covers. The crucibles 
are gradually brought to a white heat, at which temperature the 
cellulose is changed to carbon, and then allowed to cool. After 
cooling, the tilaments are rempved, measured and inspected, and 
the few defective ones discarded. 

In the early days, these lilaments were made of cardboard or 
bamboo, and later of thread treated with sulphuric acid. 

A few of the shapes of lilaments now in use are shown in 
Ficr. 1, the ditierent shapes triviiiix a slitrhtly dillerent <listribution 
of light. The sha[)es here shown are designated as follows: A, 
U-shaj)ed; J), single-curl; C, single-curl anchored; I), double- 
loop; E, double-curl; l'\ double-curl anchored. 
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Mounting the Filament. After carbonization, the filaments 
are inonnted or joinod to wires leading into the globe or bulb. 
These wires are made of platimiin — platinum being the only sub- 
stance, so far as known, that expands and contracts the same as 
glass with change in temjK'nitnre and which, at the same time, 
vill not be melted by tlie heat developed in the carbon. Since 
the bnJb mnst remain air-tight, a snbstance expanding at a differ, 
ent rate from the glass cannot be used. Several methods of fasten- 
ing the filanieiit to ihe "leading in" wires have Iwen used, such 
as forming a sockit in the end of the wire, inserting t!ie filament 
and then sipieezing the socket tightly against the carbon, and the 
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1. The diameter of the filament is increased by the deposited 
carbon and hence its resistance is decreased. The process must be 
discontinued when the desired resistance is reached. 'Any little 
irregularities in the filament will be eliminated since the smaller 
sections, having the greater resistance, will become hotter than the 
remainder of the filament and the carbon is deposited more rapidly 
at these points. 

2. The character of the surface is changed from a dull black 
and comparatively soft nature to a bright gray coating which Is much 
harder and which increases the life and efliciency of the filament. 

Exhausting. After flashing, the filament is sealed in the 
bulb and the air exhausted through the tube A in Fig. 2, which 
shows the lamp in different stages of its manufacture. The 
exhaustion is accomplished 



by means of mechanical air 
pumps, supplemented by 
Sprengle or mercury pumps 
and chemicals. Since the 
degree of exhaustion must be 
high, the bulb should be 
heated during the process so 
as to drive off any gas which 
may cling to the glass. When 
chemicals are used, as is now fs^sh^ 
almost universally the case, 
th(? chemical is placed in the 
tube A and, when heated, 
serves to take up much of the 
remaining gas. Exhaustion 
is necessary for several rea- 
sons : 
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Fig, 2. 



1. To avoid oxidization of the filament. 

2. To reduce the heat conveyed to the globe. 

3. To prevent wear on the filament due to currents or eddies in the gas. 

After exhausring, the tube A is sealed off and the lamp com- 
pleted for testing by attaching the base by means of plaster of 
Paris. Fig. 3 shows some of the forms of completed incandescent 
lamps. 
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Voltage and Candle-Power. Incandescent lamps vary in size 
from the niiiimture battery aud candelabra lamps to those of several 
hundred candle-power, though the latter are very seldom used. 
Ihe more common values for the candle power are 8, 10, 25, 32, 
and 50, the choice of candle-power depending on the use to be 
made of the lamp. 

The voltage will vary depending on the method of distribn- 
tion of the power. For what is known as parallel distribution, 
110 or 2'Zi) volta are generally used. For the higher values of the 




voltage, long and slt'nder filaments must be used, if the candle- 
power is to he low, and lamps of less than 10 candle-power for 
y:iO-Tolt circuits fire not pnicticiil. owing to ditticulty in manu- 
facture. For gcricB distribution, u low voltage and higher current 
is used, hciK-e the lilaineiils ujay he quite heavy. Battery lamps 
operate-on froEJi 4 to 1^4 volts, but the vast majority of lamps for 
general illuTiiinatiuii arc uperaied at or about 110 volts. 

Efficiency. IJy the efficiency of an incandescent lamp is 
meant the power recpiired at the lamp terminals |)er candle-power 



of light given. TIju 
candle-[H>wer <)f 10 



if ; 



lUiTiiber of watts corisurm-(i ^ 
|)er caiiillt'. power will be ."jO 



laniji giving an average horizontal 
an ampere at 112 volta, the total 



_. --= 50, and the watts 
Iti ^ ;{ '>. The efficiency of such 
a lamp is said tu be -i.'y watta per eandle-jMJwer, •' Watts eGOD> 
omy " is sometimes used for '■ etHciency ". 
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The efiicieney of a lamp depends on the temperature at which 
the tilament is ran. Thia temperature is between 1280' and X830- 
C, and the curve in Fig, 4 shows the increase of efficiency with the 
increase of teniperatare. The temperature attained hy a filament 
depends on the rate at which heat is radiated and the amount of 
power supplied. The rate uf radiation of heat is proportional to 
the area of the fiUitient, the elevation in temperature, and the 
emissivity of the surface. 

By emissivity is meant the nuniber of heat units emitted 
from unit surface per degree rise in temperature above that of 
surrounding bodies. The bright surface of n flashed filament has 
a lower emissivity than the dull surface of an uubeated filameDt, 
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hence less energy is lost in heat radiation and the efficiency of the 
tilament is increased. 

As soon as incaudesuence is reached, the illumination iucreases 
much more rapidly than the emission of heat, hence the increase 
in efficiency shown in Fig. 4. Were it not for the rapid disinte- 
gration of the carbon at high temperature, an efficiency higher 
than 8.1 watts could be obtained. 

Relation of Life to Efficiency, liy the useful life of a lamp 
is meant the length of time a lamp will burn before its candle- 
power has decreiised to such a value that it would l>o more eco- 
nomical to replace the lamp with a new one than to continue to 
use it at its decreased value, A decrease to >>0% of the initial 
candle-power is now taken as the point at which a lamp sho"ld be 
replace?', and the normal life of a lamp is in the neighborhood of 
800 hours. To obtain the most economical results, Iamp& ehould 
always be replaced at the end of their useful life. 
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In Table 1 are given values of the efficiency and life of a 
3.5-watt, 110-volt lamp for various voltages impressed on the 
lamp. These values are plotted in Fig. 5. These curves show 
that a 3% increase of voltage on the lamp reduces the life by 
one-half, while an increase of 6% causes the useful life to fall 
to one- third its normal value. The effect is even greater when 
8.1-watt lamps are used, but not so great with 4-watt lamps. 
From this we see that the regulation of the voltage used on* the 
system must be very good if high efficiency lamps are to be used, 
and this regulation will determine the type of lamp to be installed. 

Selection of Lamps. Lamps taking 3.1 watts per candle- 
j)Ower will give satisfaction only when the regulation of voltage is 
the best -practically a constant voltage maintained at the normal 
voltage of the lamp. 

TABLE L 

Effects of Change in Voltage. 

Standard 3.5 Watt Lamp. 



Voltapfo 

Por Cent, of 

Normal. 


Candlo Powor 

Per Cent, of 

Normal. 


Watts Per 
Candle-Pov»'er. 


Life Per Cent, 
of Normal. 


Deterioration 

Per Cent, of 

Normal. 


JK) 


53 


5.30 






91 


5(5 


5.09 






92 


01 


4 . 85 






93 


G5 


4.a3 






91 


G9 


4.44 


394 


9,^ 


95 


73 


4.20 


310 


:i2 


9fJ 


78 


4.09 


247 


u 


97 


K3 


3 . 93 


195 


51 


98 


88 


3.78 


153 


65 


99 


91 


3.01 


126 


79 


UK) 


100 


3.5 


1(X) 


"00 


101 


It Hi 


3.38 


84 


lis 


• 102 


111 


3 . 27 


08 


146 


10:5 


110 


3.10 


58 


173 


]()4 


12.3 


3.05 


47 


211 


105 


129 


2 . 95 


39 


253 


lOG 


137 


2 . 85 


31 


316 


107 


143 


2 . 70 


20 


380 


108 


152 


2.08 


21 


474 


109 


159 


2.m 


17 


575 


110 


107 


2.53 


16 


a37 



Lanij)9 of 8.5 watts per candlo- power should be used when 
the regulation is fair, say with a maximum variation of 2% from 
tho normal voltage. 
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Fig. 5. 

Lnnipa of 4 watta piT taiidlc-powei- sbould bo installed wben 
the ref^ulation is poor, Tbese values are for 110-volt lamps. A 
220- volt lamp should have a lower efficiency to give a long life. 
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Fig. 6 showa the life curves of a seriea of incandescent 
]ampB. These curves show that there is an increase in the candle- 
power of some of the laiiipa diirinif tlie first HlO hcmrs, followtnl 
by a period during which the value is fairly constant, after uhicb 




me liglit given by lhi> 



Fig. 7. 
s gnidiiully n-dueed to ahoHt tiO% ot 



DISTRIBUTION OF LIGHT. 

Ill I'i^. 1 ;.n- .iiown v^.i-uuis foruis of JiJatnents used in 
iiiuiKnlcWTJit l;trii]is, and Kig^. 7 and S slu.w ihy distribution of 
light from 11 singio-Jooji tilunicHt of cylindrical cross- section. 
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Fig. 7 ahowa the distribution of light lu a horizontal plane, the 
lamp being mounted in a vertical position, and Fig. 8 showa tlie 
distribution in a vertical plane. By changitig the shape oF the 
filament, the light distribntion is varied. A mean of the read- 
ings taken in tlie Imrizontal plane forms the mean horizontal 
tvndle-piiicer, and this candle-power rating is tht> one generally 




asanmed for the ordinary incandescent lamp. A mean of the 
readings taken in a vertical plane gives ns the mean vertical 
caudle-power, but this value is of little use. 

l^ean Spherical Candl«-Power. "When comparing lamps 
wbicli give an entirelj dilTerent ligbtdistribntion, 'he mean horizon- 
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tal candle-power does not form a pro|(er basis for sucli comparison, 
and the mean splierical or tbe mean heniispberical candle-power is 
used iuEti;ad. , By mean spbcrical candle-power h meant a mean 
value of the light taken in all directiona. The methods for deter- 
mining this will be taken nj) \\n([i},\ jyhntoinetnj. The mean hemi- 
epherical candle-])Ower bus rt-ference, nsually, to tbe light given 
out below the horizontal plane. 

ARC LAMPS. 
The Electric Arc. SupjKise two carbon rods are connected in 
an electric circuit, and tbe circuit closed by touching the -tip of 
these rods to<^ether ; on separatitig the carbons again tbe circuit 
will not be broken, provided the sjwice between tbe carbons be not 
too great, but will bo maintained tbrougli tbe arc formed at these 
points. This phenomenon, which is the basis of the arc light, waa 
first observed on a large scale by Sir Humphrey Davy, who used a 
battery of 2,000 cells and produced an 
arc between charcoal points four inches 
apau 

As the incandescence of the carbons 
across which an arc is maintained, 
together with the arc itself, forms the 
source of light for all arc lamps, it will 
lie well to study the nature of the arc. 
Fig. !' shows the general appearance of 
an arc iietween two carbon electrodes 
when maintained by direct current. 

Here (be current is assumed as 
passing from the top carbon to the bot- 
tom one as indicated by the arrow and 
We find, in the direct-current arc, that the most of the 
isues from the tiji of the positive carbon, or electrode, and 
this portion is known a^ the i-i'-iiii- of the arc. This crater has a 
temjteratureof from ;J,l)(lOto y,-'30(r (.!, the tem|>erature at which the 
carbon vaj)orizes, and givcM fully SO to So^J. of the light furnished by 
the arc. The negative carbon becomes pointed at the same time that 
the positive one is hollowed out to form the crater, and it is also 
incandescent but not to as great a degree as the positive narboa. 
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Betwwn tlio ekvtrodea there is a lianJ of violet light, the arc 
proper, and this ia surroiiiideii by a Itiiiiinoiis zone of a poldeii 
yellow color. The arc projier does not furnish morn than 5^ of 
the light emitted. 

Tlie carbons are worn away or consnined by the passage of 
the curi-ent, tlio positive farliim lieing coiismned about twice iis 
ra])idly as the negative. 

The light distributioii curve of a iJ!r-'i-t-eiiriY.iit iir<; taken in 
a vertical plane, is Bhowii in Fi;^. 10. Here it is seen that the 
iiiaxiniimi amount of li^ht ia given olf at an angle of about 5(1 ' from 
the vertical, the negative carbon abutting off the raja of light that 
are thrown directly dowiiwanl from tlie crater. 

If alternating current ia 
used, the upper carbon be- 
comes positive and negative 
alternately, and thei-e is no 
chance for a crater to be 
formed, botli carl>ona giving 
olf the aame amount of light 
and being conaumed at about 
the aame rate. The light dis- 
tribution curve of an ii!f'-r- 
uiitimi-cuiTcnt air is shown 
in iMg. 11. 

Arc Lamp Mechanisms. 
In a practical lamp we must 
have not only a pair of car. 
bous for producing the arc, 
but also means for aujijiorting these carljona, together with puilable 
arrangeineiils for leading the current to tliein and for inaiiitaiiiing 
theui at the proper distance apart. The carbons an.- kept sejuirated 
the projH'r distance by the o]>erating mechanisms which must jier- 
form the foJlowing functions : 

1, The carbons must be lu contact, or be brought into contact, to 
start the arc when the current lirst flows. 

2. TbeyiuuBt be separaleii utttie right distance to form a jiroper arc 
Immediately attcrward, 

8. The carbons must be fed to the arc as Ihey are consumed. 
4. The circuit should be open orclosed when the eartmus are entirely 
oouBumed, depending on the method of power distribution. 
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The feeding of tbe carbons may be done by band, as. is the 
caae in sonio storeopticons nsing an arc, but for ordinary illumina- 
tion the striking and maintaining of tho arc mast be automatic. 
It ie made so in ail cases by means of solenoids acting against the 
force of gravity or against springs. There are an endless number 




(»r sucJi mechanisms, but a few only i 
may be roughly divided into thn'U cli 

1. Shunt Mechanisms. 

2. Si>rir>d Mi'chani:;ms. 

3. DillLTi-nlial Mechinisms. 

In Shunt Lamps, the carbons a 
rent; is turned on, and tho circuit i 
connected in acoss the gap so formed. All of the current luast 
p:i.<d tiirough this coil at 'first, and (lio plunger of the soleDoid is 



ill be described here. Thej 



re held apart before the cur- 
' elo:ieil through a solenoid 
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arranged to draw the carbons together, thus starting the are. The 
pull of the solenoid and that of the springs are adjusted to main- 
tain the arc at its proper length. 

Sucli lamps have the disadvantage of a high resistance at the 
start — 450 ohms or more — and are difficult to start on series cir- 
cuits, due to the high voltage required. They tend to maintain a 
constant voltage at the arc, l)ut do not aid the dynamo in its regu- 
lation, so that the arcs are liable to be a little unsteady. 

With the Series-Lamp Mechanism, the carbons are together 
when the lamp is first started and 
the current, flowing in the series 
coil, separates the electrodes, 
strikinfjthe arc. When the arc 
5s too loner, the resistance is in- 
creased and the current lowered 
so that the pull of tbe solenoid is 
weakened and the carbons feed 
together. This type of lan'ip can 
be used only on constant-poten- 
tial systems. 

Fig. 12 shows a diagram of 
the connection of such a lamp. 
This dia<rram is illustrative of 
the connection of one of the 
lamps manufactured by the 
Western Electric Comj)any, for 
use with direct current on a con- 
8tant-j)otential system. The 
symbols + and . — refer to the 
terminals of the lamp, and the 
lamp must be so connected that 
the current flows from the top carbon to the bottom one. R is a 
series resistance, adjustable for different voltages by means of the 
shunt G. F and I) are the controUintr solenoids connected in 
series with the arc. V* and C are the positive and negative car- 
bons respectively, while A is the switch for turning the current 
on and off. II is the plunger of the solenoids and I the carbon 
clutch, this being what is known as a " carbon feed " lamp. Tho 




Fig. 12. 
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carbons are together when A is first closed, the current is excess- 
ive, and the plunger is drawn uj) into the solenoids, lifting the 
carbon 13 until tlie resistance of the arc lowers the current to such 
a value that the ])ull of the solenoid just counterbalances the weight 
of the plunger and carl)on. (t must be so adjusted that this point 
is reached when the arc is at its normal lentjth. 

In the Differential Lamp, the series and shunt mechanisms 
are combined, the carbons bein<x towther at the start, and the 
series coil arranged so as to separate them while the shunt coil is 

connected across the arc, as be- 
forti, to prevent the carbons from 
being drawn too far apart. This 
lamp o[)e rates only over a low- 
current ranixe, but it tends to aid 
tlie trenerator in its rejrulation. 

Fig. 13 shows a lamp having a 
differential control, this also be- 
inir the diairram of a Western 
Electric Company arc lamp for 
direct-current, constant-potential 
system. Here S represents the 
shunt coil and M the series coil, 
the armature of the tw^o macrnets 
A and A' being attached to a 
bell-crank, pivoted at B, and at- 
tached to the carbon clutch C. 
The j)ull of coil S tends to lower 
the carbon while that of M raises 
the carbon, and the two are so 
adjusted that equilibrium is 
reaeli('(l nhen the are is of the proper length. All of the lamps 
are litttMJ with an air daslipot or some dam[)ing device to prevent 
too ni[)id iiioviMiients of the working parts. 

The methods of isnp[)orting the carbons and feeding them to 
the arc mny br divided into two classes: 

2. Carbon feecL 

Lamps using a Rod Feed have the upper carbons supported by 
a conducting rod, and the regulating mechanism acts on this rod, 
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the current being fed to the rod by means of a sliding contact. 
Fig. 14 shows the arrangement of this type of feed. The rod is 
shown at li, the sliding contact at B, and the carbon is attached to 
the rod at C. 

These lamps have the advantage that carbons, which do not 
have a uniform cross-section or smooth exterior, may be used, but 
they possess the disadvantage 

of being very long in order to + — 

accommodate the rod. The ^^ '^ 

rod must also be kept clean so 
as to make a good contact 
with the brush. 

In Carbon- Feed lamps the 
controllincT mechanism acts 
on the carbons directly 
throucjh some form of clutch 
such as is shown at C in Fig. 
15. This clamp grips the car- 
bon when it is lifted, but 
allows the carbon to slip 
through it when the tension 
is released. For this type of 
feed the carbon must be 
straight and have a uniform 
cross-section as well as a 
smooth exterior. The cur- 
rent may be led to the carbon 
by means of a flexible lead 
and a short carbon holder. 

Double-Carbon Lamps. In 
order to increase the life of the 

early form of arc lamp without using too long a carbon, the 
double-carbon type was introduced. This typo uses two sets of 
carbons, both sets being fed by one mechanism so arranged that 
when one pair of the electrodes is consumed the other is put 
into service. With the introduction of the enclosed arcs, this 
form of lamp is rapidly disappearing, although a few are still 
in use. 




Fig. 14. 
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Arc lamps are constructed to operate on Direct Current or 

Alternating Current sjatiinis when connected in Series or in 
MuUij}le. Thej are also made in both the Oj>en and the Enclosed 
forms, but almost all of the lamps operating ou alternating 
currfiit or on constant-potcntijil, dirf-t current are enclos-'d. 





rig. io. 

Hy ao Open. Arc is meant an arc lamp in which the arc ia 
oxposed to the atmosphere, while ia the Eiicloac-d Arc au inner or 
enclosing globe enrruncda the arc, and this globe ia covered with 
a cap which rendt'ra it nearly air-tight. Fig. 15 is a good example 
of an enclosed arc aa manufactured by the General Electric 
Company. 

Open Arcs for direct-current systema wei-o the lirst tu bo 
used to any great extent, and they are used considerably at present, 
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although they are being rapidly replaced by the enclosed types or 
the alternating-current systems. They are always connected in 
series, and are run from some form of special arc machine, a 
description of which may be found in " Types of Dynamo Electric 
Machinery". 

Each lamp requires in the neighborhood of 50 volts for its 
operation, and, since the lamps are connected in series, the voltage 
of the system will depend on the number of lamps; therefore, the 
number of lamps that may be connected to one machine is limited 
by the maximum allowable voltage on that machine. By special 
construction as many as 125 lamps are run from one machine, but 
even this size of generator ia not so efficient as one of greater 
capacity. Such generators are usually wound for 6.6 or 9.6 
amperes. Since the carbons are exposed to the air at the arc, 
they are rapidly consumed, requiring that they be renewed daily 
for this type of lamp. 

Enclosed Direct-Current Arc Lamps for series systems are 
constructed much the same as the open lamp, and are controlled 
by either shunt or differential mechanism. They require a volt- 
age from 68 to 75 at the al'c, and are usually constructed for 
from 5 to 6.8 amperes. They also require a constant-current 
generator. 

Arc Lamps for Constant- Potential direct-current systems 
must have some resistance connected in series with them to keep 
the voltage at the arc at its proper value. This resistance is made 
adjustable so that the lamps may be used on any circuit. Its 
location is clearly shown in Fig. 15, one coil being located above, 
the other below the operating solenoids. 

Arc Lamps for Alternating^ Currents do not differ greatly in 
construction from the direct-current arcs. When iron or other 
metal parts are used in the controlling mechanism, they must be 
laminated or so constructed as to keep down induced or eddy cur- 
rents which might be set up in them. For this reason the metal 
spools, on which the solenoids are wound, are slotted at some point 
to prevent them from forming a closed secondary to the primary 
formed by the solenoid winding. On constant potential circuits a 
reactive coil is used in place of a part of the -resistance for cutting 
down the voltage at the arc. 
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Interchangeable Arc Lamps are inaimfiictiircd wliicli may be 

readily adjusted so as to operate uii either direct or Hlternating 
current, and on voltagea from 110 to '2'M. Two lamps may be 
run in eeriea on '^:3(l-voU i-irouits. 

The distribution of li^Iit, and (lie resulting illumination for 
tbe different lamps jui-t eouwidered, will be taken up later. Aside 
fn)m the distribution and ipiality of ligbt, the enclosed arc has the 
advantage that llie carbons are not consumed so rapidly as iu the 
open lamp lnfause tbe oxygen Is soon exhausted from tbe inner 
globe and tbe coniluistion of the carbon is greatly decreased. They 
will burn from HO lo 100 hours without re-trimming. 
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Rating of Arc Lamps. 

follows: 

Full Arcs, 2,0(10 .■iiiullc-].owt 
Half Arcs, 1,200 candle. |«>n-. 



<)|,i.„ 



iilf uu lami>. II. D Hefner UqUs. 
have been classified aa 



r (nkinK!t.r>tolOamps.» 
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These candle-power ratings are much too high, and run more 
nearly 1,200 and 700, respectively, for the point of maximum in- 
tensity and less than this if the mean 8})heriwil candle-power be taken. 
For this reason, the ampere or watt rating is now used to indicate 
the power of the lamp. Knclosed ares use from 8 to <*».;■> am])ere8, 
but the voltage at the arc is higher than for the open lamp. Table 
2 gives some data on enclosed arcs on constant- potential circuits. 

Efficiency. The efficiency of arc lamps is given as follows: 

Direct Current Arc (enclosed) 2.9 watts per candle-power. 
Alternating Current Arc (enclosed) 2.95 watts per candle-power. 
Direct Curreat Arc (open) .6-1.25 watts per candle-power. 

Arc-Lamp Carbons are either moulded or forced from a prod- 
uct known as petroleum coke or from similar materials such as 
lampblack. The material is thoroughly dried by heating to a 
high temperature, then ground to a fine powder and combined 
with some substance such (w pitch which binds the fine particles 
of carbon together. After this mixture is again ground it is ready 
for moulding. The powder is ])ut in steel moulds and heated un- 
til it takes the form of a paste, when the necessary pressure is ap- 
plied to the moulds. For the forced carbons, the powder is 
formed into cylindtM's which are placed in machines which force 
the material throuirh a die sojarranwd as to ffive the desired di- 
ameter. The forced carbons are often made with a core of some 
special material, this core being added after the carbon proper has 
been finished. The carbons, whether moulded or forced, must be 
carefully baked to drive oiT all volatile matter. The forced car- 
bon is always more uniform in (juality and cross-section, and is 
the type of carbon which must be used in the carbon feed lamp. 
The adding of a core of a different material seems to change the 
quality of light, and being more readily volatilized, keeps the arc 
from wanderini^. 

Plating of carbons with copper is sometimes resorted to for 
moulded forms for the purpose of increasing the conductivity, and. 
by protecting the carbon near the arc, prolonging the life. 

SPECIAL LAMPS. 

Under this heading may be considered all lamps which do 
Dot use carbon as the incandescent material, as well as some lamps 
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which use carbon in conjunction with other materials. The first 
of these lamps, or the one at present most widely used, is the 
Nernst T^mp. 

The Nernst Lamp is an incandescent lamj) using for the incan- 
descent material certain oxides of the rare earths. The oxide is 
mixed in the form of 9. paste, then squirted through a die into a 
string which is subjected to a roasting j)rocess forming the filament 
or glower material of the lamp. The glowers are cut the desired 
length and platinum terminals attached. The attachment of these 
terminals to the glowers is a very important process in the manu- 
facture of the lamp, and is accomplished by fusing the ends of the 
glower and the platinum lead into small beads, and, when the two 
are brought into contact, the platinum is i.ucked up into the glower 
head, forming a very neat and efficient connection. Fig. 10 shows 
several completed glowers. 
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Fig. 17. 

As the glower is a non-conductor when cold, some form of 
heater is necessary to bring it up to a temperature at which it will 
conduct. Two forms of heater are used, the first being formed of 
fine platinum wire wound over a porcelain tul)e as a sup|)ort and 
covered with porcelain paste to prevent deterioration as much as 
j)Ossible. These '^heater tubes", as they are called, are mounted 
just above the glowers in the finished lamp. The second form of 
heater is known as the ''spiral heater", and this is also made of fine 
platinum wire wound on a porcelain rod and covered with paste, 
the rod being then formed on a mandrel to the desired shape. 
Figs. 17 and 18 show the two forms of heaters. 

Tlie heating device is connected across the circuit when the 
lamp is first turned on, and it must be cut out of circuit automat- 
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ically when the glower becomes a conductor, otherwise the heater 
would soon be destroyed. Tliis automatic cut-out is operated by 
means 6i an electromagnet so arranged that current Hows through 
its coil as soon as the glower conducts and opens a form of silver 
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contact cutting out the heater. The heater circuit is normally 
ke[)t closed by the force of gravity so that the lamps will operate 
only in one position. A successful form of universal cut-out, that 
is, one which will operate when the lamp is in any j)osition, has not 
yet been j)ut on the nuirket, though experiments with this type 



are beincj made. 













Fig. 19. 

The conductivity of the glower increases with its temperature ; 
henc(\ if ust^l on a constant-potential circuit directlv, its temper- 
ature would continue to increase, dne te the greater current flow- 
ing, until the glower was destroyed. To })revent this increase of 
current, a lniUiii<t rtsistunrc of fine iron wire is connected in series 
with the glower. As is well known, the resistance of iron wire 
increases (piite rapidly with increase of temj)erature, and this resist- 
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ance is 80 adjusted that tku rosi&taiico of tlie comUined cin-uit 
reaches a constant value when the current is of the projwr strength. 
The iron wire must he protected from the air to prevent oxidiza- 
tion and too rapid teiii[>erature changes, and, for this reason, it is 
mounted in a glass hull> iilled with hydrogen. Hydrogen has 
been selected for tliia pnr|joso beeause it is iin inert gaa and con- 
ducts the heat from the hallaiit to the walls of the bulb better than 




FiK. 20. 
other gases. Fig, 11' shows tlie fonn of bulb which contains the 
ballast, 

AH of (be jDirts fMuinenitt'd, namely, glower, heiiter, cut-out 
and ballast, are mounti-d in a suitabh^ inanuer, the smaller hinips 
having but one glower and arranged to lit iiii incaiideseent lamp 
socket, while the larger types have as many as wix glowers and are 
arrange<I to I>e siipjKtrted in a manner similar to are him)>s. All 
of tlie parts are interchangeable and may be easily renewed. 

fig.SO shows tile <-om[>lete connections of a six-glower lamp. 
Current enters the lamp at terminal 1 (or 2), passes through the 
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Fig. a, 

□ontacta of the cut-out 4, to the heater circuit 5, then to the con- 
tacts 4' and to terminal 2, When tlio glowers bfcome hot enough 
to conduct, the current divides at 1', part of it going through tha 





glowers 6, the ballast 7, and the cut-out coil 3 to terminal 2. 
By the time tha current in tha glower has reached its normal value, 
the contacts at 4 and 4' hare opened, cutting out the beater coils 
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dntirelj. The heaters art) so arranged that if ooe ia destroyed, the 
other two will heat the glowers as quickly aa poseible. 

Fig. 21 shows the jiarta of a aingle-glower lamp with the 
exception of the globe. Fig. 22 illustrates a eix-gfower atreet 
lamp. Fig. 23 ahowa lamps for inside use completely asBembled 
Fig, 24 shows a glower and spiral heater so mounted that the two 
may be very readily replaced. This type la used on some of the 
very latest forma of lamps put on 
the market by the Nernst Lamp 
Comj)any of Pittsburg, whieh 
company controls the manufact- 
ure of these lamps in the United 
ytatea. 
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type of lamp ia used ex- 
triiwively only on alternating- 
curieiit circuits at a frequency of 
aljout 00 cycles, and preferably 
at 220 volts, as the efficiency is 
better at this voltage, duo to less 
energy being consumed in the 
ballast. Series lamps, and lamps 
operated on direct current, are still in the experimental stage. 

The advantages claimed fur the Nernst lamp are increased 
efficiency, agood color of light, and a good light distribution. The 
efficiency varies with the type and the voltage used, aa well as with 
the direction in which the candle-power ia meaaured and the type 
of globe used. For a 100-hour run on a two-glower, 220-volt 
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lamp KsirifT a fi-iiich lif^Iit SHiid- blasted {fIol>e, the watts varied 
from 170 to 15S, whili* the nifan liemispberical candle-power 



varied from 07.8 to 5().R, t 



y an efliciciiev from 2.5 to 3.1 watts 



per mean bemisplieriful candle-power; showing an eftieiency better 
than tlie incandescent but not so good as the arc lamp. 




FiL'. 25. 
Fig. 2.J shows twii distrihtition turves for Neniet lamps. 
To give till' iiist resulls, hunjis using the tube heaters must 
be cleaned rcgiihirlv nt llie intervals of about 1(H) hours of burning. 
The spinii heaters are not eleimcl. but are reiiewtHl at the end of 
till- useful life of tjie glower. The light given Iiy these lamps is 
very white in color, and tJLe use of sand-blasted or alabaster globes 
reduces its intense brilliancy. 
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Osmium Lamps. OBinimn lias been experimented on as a 
eubstancti to replace carbon in the ordinary incandesceDt lamp, and 
so far very efficient lamps have been cooBtrncted using this mate- 
rial, bnt the voltage is low, due to the low resistance of the material 
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and the difficulty of making a filament fine enough to give the 
desired resistiiiico for higher voltages. At 25 volts, hmips are con- 
structed giving an eHicleiicy of 1.5 to 1.7 watts per candle-jiower, 
and with a life comparable with that of a y.S-watt iiuamlescent 
lamp. The low voltage makes this lamp undesirable for |>arallel 
distribution systems. 

The Bremer Arc Lamp is one of the most favorable of sev. 
eral modifications of the arcs which have been proj>osed. Thip 
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lamp uses n-ry slender carbons having a coro made of refractory 
oxides Buch as ailk-a, Hme, or magneBia. An efficiency of .1 to .4 
watts per candle-power (mean Kpherical) has been claimed for tliie 
type of lamp, but it is still in the experimental stage. 

The Mercury Vapor Lamp, Probably the Cooper Hewitt, 
or Mercury Vapor Lamp, is the only other ejwcial lamp deaerving 
mention here. This lamp is being introduced to fjoite an extent 
where the quality of the 
ht ifl not of 90 much 
importance. In this 
lamp, mercury vapor, 
rendered incandeBcent 
by ihe passage of an elec- 
tric current, forms the 
source of light. One 
electrode is formed of 
mercury and the other 
may Iw of mercury or 
iron. In the morecom- 
mon lyf>e of lamp, these 
eiwtroJea are mounted 
at the enil of a long glass tube whit-h has been very carefully 
exhausted. Fig. 21} shows such a lump constructed for a llO-volt 
circuit. Dimensions of this lamp are as follows: 




jr 120 Volts. 

49 inohos. 

6G inches. 



Length of light-giving tubo 4.1 inche.- 

vLength over all SO inchee 

Diameter 1 inch. 

Curront 3 to 3.5 amperes. 
Candle Power at 13) volts, 750. 
Life (average), 1,600 hours. 

The mercury vapor, at the start, may be formed in two ways. 
First, the lamp may be tipped so that a stream of mercnry makes 
contact between the two electrodes and mercury is vaporized when 
the stream breaks. Second, by means of a high inductance and a 
quick break switch; a very high voltage, sufKcient to pass current 
from one electrode to the other, is induced and the conducting vapor 
formed. The lamp, as now manufactured, will operate only on 
direct current, but the alternating-current lamp is being developed. 
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Fig 27 is a diagram of a lamp connected for starting by the 
quick-break method, while Fig. 28 shows two 55-yolt lamps con- 
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Fig. 27. 



nected in series on a 110-volt circuit, and arranged to be started 
by tipping. A steadying resistance and reactance are connected 
as shown in the diatrraui, the two beincr mounted on one base 
which may readily be attached to the wall as shown in Fig. 20. 




Fig. 28. 

The mercury vapor lamp is not made in small sizes for ordi- 
nary voltages, and its light is very ohjectionable for the purj)ose 
of distinguishing color, as there is an entire absence of red rays. 
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This absence of tlie red light makes tbe illumination one that is 
very easy on the eyes but, on account of the color, its use is lim- 
ited to the lighting of shops, offices, and drafting rooms, or in 
display windows where the goods shown are not changed in appear- 
ance by its color. It is also coming into use to a large extent in 
photographic work on account of the actinic properties of its light. 

POWER DISTRIBUTION. 

The question of power distribution for elec*tric lamj)s and 
other appliances is taken up fully in the section on that subject, 
therefore it will be treated very briefly here. The systems may 
be divided into: 

1. Series Distribution Systems. 

2. Multiple-Series or Series-Multiple Systems. 

3. Multiple or Parallel Systems. 

They apply to both alternating and direct current. 

The Series System is the most simple of the three; the lamps, 
as the name indicates, being connected in series as shown in Fig. 
29. A constant load is necessary if a constant potential is to be 
used. If the load is variable, a constant-current generator, forms 
of which are described in *' Types of Dynamo-Electric Machinery", 
or a sj)ecial-regulating device is necessary. Such devices are con- 
stant-current transformers and constant-current regulators as ap- 
plied to alternating-curr.ent circuits. 

The series system is used mostly for arc and incandescent 
lamps when applied to street illumination. Its advantages are 
simplicity and saving of copper. Its disadvantages are high volt- 
age, fixed by the number of lamps in series; size of machines is 
limited since tliey cannot be insulated for voltage above about 
f),00(); a single open circuit shuts down the whole system. 

Alternating-current series distribution systems are being used 
to a very large extent. By the aid of special transformers, or regu- 
lators, any number of circuits can be run from one machine or set 
of bus bars, and apparatus can be built for any voltage and of any 
size. It is not customary, however, to build transformers of this 
type having a capacity greater than 100, G.O-ampere lamps. 

The constant-current transformer most in use for lighting 
pur])OSi^s is the one manufactured by the General EleckicXIompauy 



%\e 



ELECTRIC LIGHTING 



sn 



aud commonly known as a " tub " transformer. Fig. 30 shows 
such a transformer when removed from the case, and Fig. 29 gives a 
diagram of the connection of a single-coil transformer in service. 
Referring to Fig. 30, the fixed coils A form the primaries 
which are connected across the line; the movable coils B are the 
secondaries connected to 
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the lamps. There is a re- 
pulsion of the coils B by 
the coils A when the cur- 
rent flows in both circuits 
and this force is balanced 
by means of the weights 
at W, so that the coils B 
take a position such that 
the normal current will 
flow in the secondary. On 
light loads, a low voltage 
is sufficient, hence the sec- 
ondary coils are close 
together near the middle 
of the machine and there 
is a heavy magnetic leak- 
age. When all of the lamps 
are on, the coils take the 
position shown when the 
leakage is a minimum and 
the voltage a maximum. 
When first starting up, the 
transformer is short-cir- 
cuited and the secondary 
coils brought close to- 
gether. The short circuit is then removed and the coils take a 
position corresponding to the load on the line. 

These transformers regulate from full load to i^ rated load 
within -j^ ampere of normal current, and can be run on short 
circuit for several hours without overheating. The efficiency is 
given as 90% for 100-light transformers and 94.0% for 50-light 
transformers at full load. The power factor of the system is from 
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76 to 78^ on full load, and, owing to the great amount of magnetic 
leakage at less than full load, tLe effect of leakage being the 
same as tlie effect of an inductance in the primary, the power factor 
is greatly reduced, falling to 02% at | load, 44% at A load, and 
24% at ^ load. 

Standard sizes are for capacities of 25, 35, 50, 75, and 100, 0.6 
ampere enclosed arcs. The low power factor of such a system on 
light loads shows that a transformer should be selected of such a 
capacity that it will bu fully or nearly fully loaded at all times. 
The primary winding can be 
constructed for any voltage 
and tlie open circuit voltages 
of the secondaries are as fol- 
lows : 

25 light tranutormer, 2300 volts. 
.35" ." 3200 " 

GO " *• 4600 " 

75 " " fi900 " 

JOG " » 0200 " 

The 50-, 75-, and 100-ligbt 
transformers are arranged for 
multiple circuit operation, 
two circuits used in multiple, 
and the voltages at full luad 
reach 4,100 for each circuit on , 
the lOO.light machine. 

Tlie second system, used 
for series distribution on 
alternating-current circuitsi 
consists of a constant -jiotential transformer, stepping down the 
line voltage to that required for the total number of lamps on the 
system, allowing 83 volta for each lamp, and in series with the 
lamps is a reactive coil, the reactance of which is automatically 
regulated, as the load is increased or decreased, in order to keep the 
current in the line constant. Fig. 31 shows such a regulator as 
manufactured by the General Incandescent Arc Light Company^ 
and Fig. 32 shows this regulator connected in circuit. The in- 
ductance is varied by the movement of the coil to include more or 




Fig. 31. 
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less irou in tbe magnetic circuit. Since the inductance in series 
with the lamps is high on light loads, the power factor is greatly 
reduced as in the constant-current transformer; and the circuits 
should, preferably, be run fully loaded. 60 to 65 lamps on a circuit 
is the maximum limit. 

While used primarily for arc-light circuits, the same systems, 
designed for lower currents, are very readily applied to series in- 
candescent systems. 

Multiple-series and series-multiple systems combine several 
lamps in series and these grou^ps in multiple, or several lamps in 

multiple and these groups in series, 
respectively. They have but a lim- 
ited application. 

Multiple or Parallel Systems of 
Distribution. By far the largest 
number of lamps in service are con- 
nected to parallel systems of distribu- 
tion. In this system, the units are 
connected across the lines leading to 
the bus bars at the station, or to the 
secondaries of constant-potential 
transformers. Fig. 33 shows a dia- 
gram of ten lamps connected in 
parallel. The current delivered by 
the machine depends directly on the 
number of lamps connected in service, 
the voltage of the system being kept 
constant. 

Inasmuch as the flow of current 
in a conductor is always accompanied 
by a fall of potential equal to the 
product of the current flowing, into 
the resistance of the conductor, the lamps at the end of the system 
shown will not have as high a voltage impressed upon them as 
tbose nearer the machine. This drop in potential is the most 
serious obstacle that we have to overcome in multiple systems, and 
various schemes have been adopted to aid in this regulation. The 
systems may be classified as: 
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First, Cylindrical Conductors, parallel feeding. 
Second, Conical ** « " 

Third, Cylindrical " anti-parallel feeding. 

Fourth, Conical 



ti 



t( 



(( 



Fig. 34. 



Ill tbe cylindrical conductor, parallel-feeding system, the con- 
ductors, A, B, C, D, Fig. 33, are of the sauie size throughout and 
are fed at the same end by the generator. The voltage is a min- 
imum at the lamps E and a maximum at the lamps F; the value 
of the voltage at any lamp being readily calculated. 

By a conical or ta|)ering conductor is meant a conductor 
whose diameter is so proportioned throughout its length that the 
current, divided by the 

cross-section or the current ±^ IJLJLJLlllii^ 
density, is a constant quan- ( g)^yyYYyy9VVV 
tity. Such a conductor is c o 

approximated in practice Fig. 33. 

by using smaller sizes of 

wire as the current in the (g^ QCjOOQOQQOQ 
lines becomes less. y^ I T T ■ I I 1 T I T | 

In an anti-parallel sys- 
tem, the current is fed to 
the lamps from opposite 
ends of the system as shown 
in Fig. 34. 

Multiple-Wire Sys- 
tems. In order to take ad- 
vantage of a higher voltage for distribution of power to the light- 
ing circuits, three- and five-wire systems have been introduced, the 
three- wire system being used to a very large extent. In this sys- 
tem, three conductors are used, the voltage from each outside 
conductor and the middle neutral conductor being the same as for 
a simple parallel system. Fig. 35 gives a diagram of this. By 
this system the amount of copper required for a given number of 
lamps is from five-sixteenths to three-eighths of the amount 
required for a two-wire distribution, depending on the size of the 
neutral conductor. The saving of copper together with the disad- 
vantages of the system is more fully treated in the paper on 
Power Transmission. 




Fig. 35. 
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I LLUni NATION. 

lUniiihiatloii may be defined as the quality and quantity of 
light which aids in the discrimination of outline and the percep- 
tion of color. Not only the quantity, but the quality of the light, 
as well as the arrangement of the units, must be considered in a 
complete study of the subject of illumination. 

The Unit of Illumination is the cdndle-foot and its value is 
the amount of liirht fallintj on a surface at a distance of one foot 
from a source of light one candle-power in value. The law of in- 
verse squares, namely, that the illumination from a given source 
varies inversely as the scjuare of the distance from the source, 
shows that the illumination at a distance of two feet from a sin- 
gle candle-power unit is .25 candle-foot. For further considera- 
tion of the law of inverse squares, see *' Photometry ". 

Illumination may be classified as ifst^^d illumination, when 
used for the ordinary purposes of furnishing light for carrying on 
work, taking the place of daylight, and scenic illumination. The 
latter applies to all forms of decorative lighting such as stage 
lighting, etc. The two divisions are not, as a rule, distinct, but 
the one is combined with the other. 

Intrinsic Brightness. By intrinsic brightness is meant the 
amount of litrht emitted per unit surface of the lifjlit source. Table 
3 trives the intrinsic britjhtness of several light sources. 

TABLE 3. 
Intrinsic Brilliancies in Candle-Power per Square inch. 

Sdurct; Brilliancy Notes. 

Sun in zenith OOO.CKIl)] j^^^^^ equivalent values, taking 

Sun at 3() d.-Rrces elev -^"MKIO. account of absorption. 

Sun on horizon 2.000 J 

A re light 10,(XX) to 100,0(X) Maximum about 200,000 in crater. 

Calcium light 5,000 

Nernst *' glower" 1,0(X) Unshaded. 

Incandescent lamp 200-300 Depending on efficiency. 

Enclosed arc 75-100 Opalescent inner globe. 

Acetylene flame 75 100 

Welsbach light 20 to 25 

Kerosene light 4 to 8 Variable. 

Candle 3 to 4 

Cias flame 3 to 8 Variable. 

Incande.scent (frosted) 2 to 5 

Opal shaded lamps, etc 0.5 to 2 
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Regular Reflection. Ilegular reflection is the term applied to 
reflection of liglit when the reflected rays are parallel. It is of such 
a nature that the iuiajjeof the litrht source is seen in the reflection. 
Tlie reflection from a plane mirror is an example of this. It is use- 
ful in lighting in that the direction of light may be changed 
without complicating calculations aside from deductions necessary 
to compensate for the small amount of light absorbed. 

Irregular Reflection, or diffusion, consists of reflection in 
which the reflected rays of light are not ])arallel but take various 
directions, thus destroying the image of the light source. Hough, 
unjyolished surfaces give such reflection. Smooth, un])olished sur- 
faces generally give a combination of the two kinds of reflection. 
Diffused reflection is very important in the study of illumination 
inasmuch as diffused light plays an important ])art in the lighting 
of interiors. This form of reflection is seen in many photometer 
screens. Light is also diffused when j)a8sing through semi- 
transparent shades or screens. 

In considerinir reflected liirht, we rind that, if the surface on 
which the light falls is colored, the reflected light may be changed 
in its nature l)y the absorption of some of the colors. Since, as has 
been said, in interior lighting the reflected light forms a large part 
of the source of illumination, this illumination will depend u])on 
the nature and color of the reflect in (£ surfaces. 

Whenever liglit is reflected from a surface, either by direct or 
diflfused reflection, a certain amount of licrht is absorbed bv the 
surface. Table 4 gives the amount of white light reflecttHl from 
different materials. 

TABLE 4. 

Material. 

White blotting paper 82 

Whito cartridjje paper 80 

Chrome yellow paper 02 

Orange paper r)0 

Yellow wall paper 40 

Light pink ])aper .36 

Yellow eardboard 30 

Lijjht blue cardboard 25 

Emerald j^reen paper 18 

Dark brown pai)er 13 

Vermilion paper 12 

Blue-j?reen paper 12 

Black paper 05 

Black cloth 01'? 

Black velvet .004 
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From this table it is seen that the light -colored papers 
reflect the light well, but of the darker colors only yellow has a 
coinpanitively high coefficient of reflection. Black velvet has the 
lowest value, but this only holds when the material is free from 
dust. Ilooms with dark walls require a greater amount of illu- 
minating power, as will be seen later. 

Useful illumination may be considered under the following 
heads : 

1. Residence Lighting. 

2. Lighting of Public Halls, Otlices, Drafting Rooms, Shops, etc. 
X Street Llj,'hting. 

RESIDENCE LIQHTING. 

Type of Lamps. The lamps used for this class of lighting are 
limited to the less powerful units, namely, incandescent or Nernst 
lamps varying in candle-power from 8 to 32 per unit. These 
should always be shaded so as to keep the intrinsic brightness low. 
The intrinsic brilliancy sliould seldom exceed 2 to 3 candle-power 
per square inch, and its reduction is usually accomplished by appro- 
priate shading. Arc lights are so powerful as to be uneconomical 
for small rooms, while the color of the mercury-vapor light is an 
additional objection to its use. 

Plan of Illumination. Lamps may be selected and so located 
as to give a brilliant and fairly uniform illumination in a room; 
but this is an uneconomical scheme, and the one more commonly 
employed is to furnish a uniform, though comparatively weak, 
ground illumination, and to reinforce this at points where it is 
necessary or desinil)le. The latter ])lan is satisfactory in almost 
all cases and the more economical of the two. 

While the use of units of different power is to be recom- 
mended, where desirable, lights differing in color should not be 
used for lighting the same room. As an exaggerated case, the 
use of arc with incandescent lamps might be mentioned. The arcs 
being so much whiter than the incandescent lamps, the latter ap- 
pear distinctly yellow when the two are viewed at the same time. 

Calculation of Illumination. In determinintr the value of 
illumination, not only the candle-power of the units, but the 
amount of reflected light must be considered for the given location 
of the lamps. Following is a formula based on the coefficient of 
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reflection of the walls of the room, which serves for preliminary 
calculations : 

I 

r.y/. 1 - /• 
I - - — ^. 

I = Ilhunination in candle-feet. 
r.y>. = ( andle-power of the unit. 
k — Coefficient of reflection of the walls. 
// = distance from the unit in feet. 

Where several units of the same candle-power are used this 
formula becomes 

T 11,1 1 



or, r./>. - - — 



I I I 



^ J' ^~ d\ '^ ^f\ "^ " ^ 1 --/• 

where ^/, ^7,, ^/^„ etc., ecpial the distances from the point considered 
to the various hVht sources. If the lamps are of different candle- 
power, the illumination may be determined by combininj^ the illu- 
mination from* each source as calculated separately. An example 
of calculation is given under *' Arrangement of Lam|)s ". 

It is readily seen that the effect of reflecte<l light from the 
ceilings is of more importance than that from the fl(K)r of a room. 
The value of i\ in the above formula, will vary from (U)'/, to lO^r, 
but for rooms with a fairly light finish 50% may be taken as a 
good average value. 

The amount of illumination will dej)end on the use to Ije 
made of the room. One candle-foot gives suHicient illumination 
for easy reading, when measured normal to the page, and probably 
an illumination of .5 candle-foot on a plane 8 feet from the floor 
forms a sufficient ground illumination. The illumination from 
sunlight reflected from white clouds is from 20 candle-feet uj), 
while that due to moonlight is in the neigh borho(Mi of .0^:^ candle- 
foot. It is not |)0ssible to produce artificially a light equivalent to 
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daylight on account of the great amount of energy that would be 
required and the difficulty of obtaining proper diffusion. 

Arrangement of Lamps. An arrangement of lamps giving 
a uniform illumination cannot be well applied to residences on ac- 
count of the number of units required, and the inartistic effect. 
We are limited to chandeliers, side lights, or ceiling lights, in the 
majority of cases, with table or reading lamps for special illumi- 
nation. 

When ceiling lamps are used and the ceilings are high, some 
form of reflector or reflector lamp is to be recommended. In any 
case where the coefficient of reflection of the ceilings is less than 
40%, it is more economical to use reflectors. When Igfmps are 
mounted on chandeliers, the illumination is far from uniform, be- 
ing a maximum in the neighborhood of the chandelier and a min- 
imum at the corners of the room. By combining chandeliers 
with side lights it is generally possible to get a satisfactory arrange- 
ment of lightincr for small or medium-sized rooms. 

As a check on the candle-power in lamps required, we have 
the following: 

For brilliant illumination allow one candle-power 
per two s(iuaro feet of floor space. In some particu- 
lar cases, such as ball rooms, this may bo increased 
to one candle-power per scjuaro foot. 

For general illumination allow one candle- 
power for four square feet of floor space, and 
strengthen this illumination with the aid of special 
lamps as required. The location of lamps and the 
height of ceilings will modify these figures to some 
extent. 

As an example of the calculation of the 
illumination of a room with different arransfe- 
ments of the units of light, assume a room 
10 feet square, 12 feet high, and with walls 
having a coefficient of reflection of 50%. pjg 3^ 

Consider flrst the illumination on a plane 3 

feet above the floor when lighted by a single grouj) of lights 
mounted at the center of the room 3 feet below the ceiling. If a 
minimum value of .5 candle-foot is required at the corner of the 
room we have the equation 
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.5 =^ f'.j 



12.8^ l-.r> 



SSince d == y'H' + H' -\~ ir = I'-^.'S (seo Ficr. 1-^0) 
Solvint; tlio above for the value of r:jf,^ we liave 

r.jK = -. — -'- ,— -=~- .5 X S2 - 41 

Three lO-caiulle- power lamps would serve this ]>ur|)ose very 
well. 

Detennininir the illumination directly 
under the hiiup, we have: 

I 



I = 48 X — "/".T — X u .:- — -.V,, X ^ — 

(j- 1 - .iJ «5o 

2.7 candle-feet, or tive times the value of the 
illumination at the corners of the room. 

Next consider four 8-candle-]X)wer lamps y 
located on the side walls 8 feet above the 
door as shown in Fig. 87. (-alculating the T 
illumination at the center of the room on a J 
plane three feet above the floor, we have: 



^^ 8W 8t> ' 8*J 




(M 



ip =: 8^ f :r = <)4 + 25 = 81) 




Fi^r. ;J7. 



I ---- 8 X 



81i 



X 2 = .72 candle.foot. 



The illumination at the corner of the room wouhl be: 



1 



I r^ S( - 



I 

SI) 



1 

:U5 



1 



345 ' 1 



.') 



.-8( 



M» 



t - 

I 



.Ti- ) X 2 — .15 candle- r(M)t. 
.34 



In a similar manner the illumination mav be calculated for 
any j)oint in the room, or a series of jK>ints may be taken and curves 
plotted showing the distribution of the light, as well as the areas 
havint; the same illumination. Where retined c^ilculations are de- 
sired, the distribution curve of the lamp must be used for deter- 
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mining the candle-power 
in different directions. 
Fig. 38 bIiows illumina- 
tion curveB for tlie Merid- 
ian lamp manufactured 
by tlie General Electrit" 
Company. Tliie is a form 
of reflector lamp made in 
two sizes, 25 or 50 candle- 
power. Fig. 39 gives the 
distribution cnrvee for the 
SO.candle. power unit. 
Similar incandescent 
lamps are now being 
manufactured by other 
companies. 

Table 5 gives desirable 
data In connection with 
the use of the Meridian 
lamp. 

By means of the Weber, 
or some other form of 



portabli 
re;i.lily 
be jR-ni 



- photometer, curves as jtlotted from calculations may be 
checked after the lamjia are installed. "When lamps are to 
laiiently lucated, the tjnestion of illumiuation becomes an 

TABLE 5. 
Illumlnatlns Data for Meridian L^mps. 
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*) [No. 2 Lamp(ISO Walls) 

Distance ' 
Belween 
Lamps 
When Two 
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hnportant one, and it is customary to determine, by calculation, 
the illuniination curves and the iao{iliotals. Fij;. *tS, as, the linM 
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showing eijiial illumination are called, foreacli room hoforo install- 




ing the lampH. Tills applies to the lighi 
more jiartii^iilarly than to residence lij^liting. 



of hirije interiors 
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Dr. Louis Bell gives the following in connection with resi 
ience licrbtintj: 

TABLE 6. 



Si|. ft. 

Room. 8 c.p. 1(5 c.p. 32 cp. i)er c.p. Remarks. 

Hall, 15' X 2(y 8 4.7 

Library, 2lV X 21)' 12 1 3.1 8-c.p. reflector 

Reception room, 1;V X 1')' 4 7.0 [lamjw. 

Mu.Kic room, 20^ X 25' 12 2 3.0 

Dining room, 15' x 20' 14 2.7 8 reflector lamps 

Billiard room, l.V X 20' 4 2.3 32-c.p. with re- 
Porch 1 [flectors. 

Rodrooms (G), 15' X 15' 14 7.0 

Dressing rooms (2;, 10' X 15'.. 4 4.7 

Servants' rooms (3), KK X 15'. . 3 9.4 

Bathrooms (3), 8' X 10' 3 5.0 

Kitchen, 15' X 15' / o 

Pantry, 10' X 15' f '* 

Halls [ 10 3 

Cellar f ^^' '* 

Closets (4) 4 Reflector lamps 

Total 04 :]() 'S 



LIQHTINQ OF PUBLIC HALLS, OFFICES, ETC. 

LitxlitiiiiT of public halls and other lamo interiors diflfers from 
the illumination of residences in that there is usually less reflected 
light, and, again, the distance of the light sources from the plane 
of ilhimination is (renerally m'^-'^ter if an artistic arrancjement of 
tht^ liixhts is to 1)0 brouo-lit about. This in' turn reduces the direct 
illumination. The [)rimary object is, however, as in residence 
litrhtino;, to produce a fairly uniform (ground illumination and to 
su]KM'im])ose a stronger illumination where necessary. An illlu- 
mination of .5 candle-f(,H^t for the ground illumination may be 
taken as a minimum. 

In the liMitino; of lar^re rooms it is ])ermissible to use larcrer 
light units, such as arc lamps and high candle-power Nernst or 
incandescent units, while for factory liirhtini; and draftinjx rooms, 
wluM'e the color of the lifht is not so essential, the (hooper Hewitt 
lamp is being introduced High candle-power reflector lamps, 
such as the ^[eri<lian lamp, are beinjx used to a lartre extent for 
oflices and draftiiiix rooms. 

TIk^ choice of the typt^ of lamp dej)ends on the nature of the 
work. Where the light must be steady, incandescent or Nernst 
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lamps are to be preferred to the are or vapor lamps, though the 
latter are often the more efficient. AVhen arcs are used, they must 
be carefully shaded so as to diffuse the light, doing away with the 
strong shadows due to portions of the lamp mechanism, and to re- 
duce the intrinsic brightness. Such shading will be taken up 
under the heading *"- Shades and IleHectors ". Arcs are preferable 
to incandescent lamps wht^i colored objects are to be illuminated, 
as in stores and display windows. 

In locating lamps for this class of lighting, much depends on 
the nature of the building and on the degree of economy to be ob- 
served. For preliminary, determination of the location of groups, 
or the illumination when certain arrangement of the units is 
assumed, -the principles outlined under ^' Residence Lighting" 
may be applied. It has been found that actual measurements 
show results a])proxi mating closely such calculated values. 

When arcs are used they should be placed fairly high, twenty 
to twenty-five feet when used for general illumination and the 
ceilings are high. They should be suj)plied with reflectors so as 
to utilize the light ordinarily thrown upwards. When used for 
drafting-room work, they should be suspended from twelve to fif- 
teen feet above the floor, and special care must be taken to diffuse 
the ]ight> 

Incandescent lamf)s may be arranged in groujjs, either as side 
lights or mounted on chandeliers, or they may be arranged as a 
frieze running around the room a few feet below the ceiling. The 
last named arranjremtMit of liixhts is one that mav be made artistic, 
but it is uneconomical and when used should serve for the tjround 
illumination onlv. Reflector litjlits mav be used for this stvle of 
work and the lights may be entirely concealed from view, the re- 
fleeting ])roj)erty of the walls being utilized for distributing the 
light where needed. 

Ceiling lights should preferably be supplied with reflectors, 
especially when the ceilings are high. 

Measurements taken in well-liirhted n)oms havino- a floor 
Space of from 1,000 to 5,000 square feet show an average of 8 to 
3.5 square feet per candle-]K)wer. About 2.5 square feet ])er can- 
dle-power should be allowed when brilliant lighting is re(]uired or 
the ceilings are very high, while 3.75 square feet per candle power 
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will give good illumination when lights are well distributed and 
there is considerable reflected Wtrht, 

In factory and drafting room lighting, the lamps must be ar- 
ranged to give a strong light where most needed, and located to 
prevent such shadows as would interfere with the work. 

Following are tables showintx the number and distribution of 
arc and mercury- vapor lamjjs for lighting large rooms. Table 7 
refers to arc lights as actually installed. 

TABLE 8. 
Lighting Data for Cooper- Hewitt Lamps. 

DraftuHj lifxfui, 2,140 h(j ft. «S V-5 lamps. 

2()5 B(j. ft. per lamp. <S X 'i.'^ amperes -- 20.5 amp. 

iSO s(j. ft. jjer am[). 

'i\ II -t lamj)s. 
8x8. ;5 amp. = 10 amp. 
110 s(j. ft. ])er amp. 

HO \' 4 lamps. 
80x1.7 amp. ^ 51 amp. 



Offi'-e. 



Factory. 



voltage 110. 

1,100 sq. ft. 
300 s(j. ft. per lamj). 
voltage 110. 

12,000 sq. ft. 
400 s(j. ft. per lamj). 
voltatre 110. 



STREET LIGHTING. 

In studying the lighting of streets and ])arks, we find that, 
except in special casi^s, such as narrow streets and high l)uildings, 
there is no refiected li^dit wIucIl aids the illumination aside from 
that due to special shades or reflectors on the lamp itself. Such 
reflectors are necessary it the light ordinarily thrown above the 
horizontal plane is to be utilized. 

In calculating the illumination due to any type of lamp at a 
given point it is necessary to know the distribution curve of the 
lamp used and the distance to the point illuminated. The approxi- 
mate illumination is i^iven bv the 
formula, 

//-'"+ <^' 
when I =^ illumination in caudle- 
feet. 

r.y^ ^-= candle-power of tlu^ unit, determintMl from the distri- 
butiou curve of the lamp. 
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ill Fig. a. Tliiise curves correspond to actual readings taken 
with commercial lauipa. Similar curves for incandescent lamps 
are sliown in Fip 44. A value of .0;! candle-foot is about the 
mitiinium for jfiiod street lighting. Open arcs sliould be placed 
at leaiit 25 feet iiliove tlie ground; 80 to 40 feet is better, es[>ecially 
if the s])ace to be illuminated is ([uite open. With enclosed arcs 
it is often advantageous to jdace them as low as IS to 20 feet from 
the ground. Talilo ii gives the distance between lights for dif- 
ferent types of arcs for good illumination. 

TABLE 9. 



■^tnnco 


Ltght-s 


en LiRlit-s. 


Per Mile 


;tlO ]'\.(,t. 


15 



Kindof Litibl. 

O.fj-anijiure enclosttd ]).(.', iirir 

9.(1 nmiiereoiienD.C. arc .1]r> " 17 

6.lJ-ampere enclosi'd .\.C. arc '275 " 19 

6.6-BmtK>re opon D.C.arc -260 " 20 

III considering the type of arc light to be usi^ we must turn 

to the illuminalioii curves as shown in Fig. 43. These curves 

show that the illumination froiii a 

direct -current open arc in its present 

form 13 superior to that from a direct- 

i.-urrent enclosed are, taking the same 

amount of power, in the vicinity of 

the ]>(ile, but at a distance of 100 feet. 

Pi^, 44. liie illumination from the enclosttd 

arc is btrtter. This illumination is 

■iv etfcetive on account of the absence of such strong light 

iven by the <i[r-ii arc near the pole. The pupil of the eye 

:1 to the brightest light in the field of 

to see as well in the dimly-lighted section 

eiisitv is less. The characteristics of the 

imps are as follows: 
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udjutits itself to correspoin 
vision, and we are unable 
as when the maximum int 
open, direct-current arc, hi 
The mean si-h.-n.-at i-;.n. 

Fluc'tuutUms ut lii;lit an- nuirhcd, di 
oriiij,' duo 111 Ilic wind and lack tit iinifuruiity ot tile 



id pner^.v required at the arc ar* 

it,' of the are, flick- 



DeiiMG shadows aro vu^t by thu side rolls and the lower carbon, vrhile 
the light is objiHjtionably strunt; in the vicinity oF iho pole. 

With tho eni'.loscil arc thw mean s|iheri'ial candlo-iKiwer and tha watta 
consumed a' the arc arc [airly oon:;tanL 



ELECTRIC LIGHTING 



55 



No shadows are cast by the lamps, and the illumination is not subject 
to such wide variations. The enclosed arc is much superior to the open arc 
using the same amount of energy. This applies to the open arc as it is now 
used. With proper reflection and diffusion of the light such as might be 
accompli>hed by extensive or special shading, we ought to be able to get as 
good distribution from the open arc with a greater total amount of illumina- 
tion. 

In compariiio; the direct -current with the alternating-current 
enclosed arc, we see that the direct -current arc gives slightly more 
light than the alternating lamp, hut this may he more than coun- 
terbalanced by the better distribution of light from the alternating- 
current lamp. The selection of A.C. or D.C. enclosed lamps will 
usually depend on other conditions, such as method of distribution 
of power, efficiency of plant, etc. 

Series incandescent lamps are used considerably for lighting 
the streets in residence sections of cities or where shade trees make 
it impracticable to use arcs, '^niese varj' in candle-pow-er from 16 
to 50 or even higher, and are usually constructed so as to take 
from two to four amperes. The l)est arrangement of these is to 
mount them on brackets a few feet from the curb, with alternati* 
lamps on opposite sides of the street. The distance between the 
lamps depends on their power. 50 candle-power lamps spac(Ml 
100 feet between lamps, give a minimum illumination of .02 
candle-foot. 25 candle-power lamps spaced 
75 feet between lamps will ser\e where econ- 
omy is necessarA'. 

SHADES AND REFLECTORS. 



Lainj)S, as onliiuirily constructed, do not 
always f^ive a suitable distribution of lit^ht, 
while the intrinsic brio-litncss is often too 
liiilh for interior liclitinir. Shades are in- 
tended to modify the intensity of tlie lio;ht. 
while reflectors are used for the pur[)ose of 
chaniriniT its dii'ection. Freiiuently the two 
are coinl)ined in various ways. Shades are 
also used for decorative ])urp()ses, l)ut, if 
possibles tliese should be of sui'h a nature as to aid ilhnni 
rather than to reduce its etticiency. 
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• A considerable amount of liglit is absorbed by the material 
used for the construction of shades. Table 10 shows the approxi- 
mate amount absorbed by some materials. 

Of the great number of styles of shades and reflectors in use, 
only a few of the more im|)ortant will be considered here. 

TABLE 10. 

Per Cent 

Clear plass 10 

Alabaster jiflass 15 

Opaline jsjlass 20-40 

Ground glass 25-30 

0})al glass 25-€0 

Milky glass -. 30-GO 

Ground glass 24 . 4 

Prismatic glass 20.7 

Opal glass .32.2 

Opaline glass 23.0 






Fig. 47. 



OiH^ of the siiiij)k*st iiietliods of shading incandescent lamps 
is by the use of **frosted" globes. These serve to reduce the 
intrinsic brightness of the lamp, and should be freely used for resi- 
dence li(ditin(r when separate shades are not installed. Frosted 
globes are also used in connection with reflectors for the purpose of 
diffusing the reflected light. The McCreary shade as shown in 
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Fig. 4d ia an example of such a combined shade and reflector. 
Fig. 40 sliowfi the distribution curve taken from an incandescent 

ianip usiug a McCreary shade. Fig. 47 shows the distribution 
L)f light from a coiii^at shade. Fig. 89 shows the distrilintion of 




Fir, 48. 

light broiighl about by means of a spiral tilament and a ri.'ffw:tor 
as used in tbe Meridian bimp. 

Ilolophane globes are made for both reflect iiig and liifTnsing 
the light, and they can be made to bring about almost any desired 
distribution with but a small amount of absorption of light. These 
consist of shades of clear glass having horizontal grooves forming 



I 



surfaces 



ich change the direction of light by refraction or total 
reflection as is necessary. The diffusion of light is effected by 
means of deep, rounded, vertical grooves on the interior surface ot 
the globe. While these globes are of clear glass and absorb an 
amount of light corresponding to clear glass, tbe light is so well 
diffused that the filament of the lamp cannot be seen, and the globe 
appears as if made of some serai- transparent material. The oh- 
jections to globes of this type are their high cost and the difficulty 
in keeping tbem clean. 

Fig. 48 shows an enclosed arc lamp fitte*l with a concentric 
"diffuser." This shade ia sometimes applied to an inverted arc, 



-m 



( 



58 ELECTRIC LIGHTING 

wbidi is a direct-current are in which the lower carbon is made 
positive. Tile eflect of this combination is best shown io Fig. 49. 
Fig. 50 shows the chmige in the illumination curve produced by 
such shading. Inverted aicd have a considerable application when 
the light may l>e readily reflected and diffused as in lighting large 
rooms with li^ht finish. 

Fig. 51 sliowa another form of adjustable diffuser which finds 
application when a soft light is requireJ for a definite direction. 
This shade is very readily adapted to shop lighting. 




..-w ^^V _ \ ^ ^ ^ 



Pig. .19. 



Tlie use of ojiid enclosiiii^ globes is recommended for arc lamps 
jed for street lij^titirig for the reason that they change the dis- 
iliulioii of tlie liffht so that it eovera a greater area, and the light 
so dill'iised as to obliterate shadows in the vicinity of the lamp. 



'able 11 . 
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eflicieiiey of different globe combinations for 
iiingtbe opal inner and the clear outer globes 

TABLE II. 

fr 100 per cent. 

; 9L2 

opal '■ 85.1 

opal " 82.7 » 
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PHOTOMETRY. 

Photometry is the art of comparing the illuminating projK^r- 
ties of light sources, and forms one branch of scientilic measure- 
ment. Its use in electric illumination is to determine the relative 
values of different types of lamps as sources of illumination, to- 
gether with their efficiency ; also by means of the principles of 
photometry, we are able to study the distribution of illumination 
for any given arrangement of light sources. 
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LAMPS WITH OPAL GLASS SHADCS. 
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LAMPS WITH concentrk: light oirrusERS. 
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Fig. 50. 

Light, standards. Inpsm'ich as sources of. light are com- 
pared with one anotlier in ])hotometrv, we must have some stand- 
ard, or unit, to which all light sources are leduced. This unit is 
usually the candle-j)Ower and the rating of most lamps is given 
in candle-power. 

AVhile the candle-power remains the unit and i^ based on ihe 
standard Entdish candle, other litrht standards Inive been Intro- 
duced and are much more desirable. 

The English Candle. The English candle is made of sperm- 
aceti extracted from crudi* sj)erm oil, with the addition of a small 
quantity of beeswax to reduce the brittleness. Its length is ten 
inches, and its diameter .1) inch at the bottom and .8 inch at tin- 
top, and its weight is one-sixth of a pound. Great care is taken 
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in thu preparation of the wick and spermaceti. This candle biirnB 
with B. Bornial height of flame of 45 millimeters and consQDies 
120 grains per hour when burning in dry air at normal atmos- 
pheric pressure. Under these conditions, the light given bj a 
Bingle candle is one caudle-power. 

When used for measurements, the candle should be allowed 
to burn at least fifteen minutes tx'fure talcing any readings. At 
the end of this period the wick should be trimmed, if necessary. 




and when the H&xaa height reaches 45 millimeters, readings cnn 
be taken. The caudle should not require trimming when the 
proper height of Hanie has been reached. It is best to weigh the 
amount of material cousuraed by balancing the candle ou a projier- 
ly arrangetl balance when the first reading ia taken, and agaiu bal- 
ancing at the end of a suitable period — ten to fifteen miuutes. 
The caudle-power of the unit ia then, practically, directly propor- 
tional to the amount of the material consumed. 

The objections to the candle as a uuit are that it burns with 
an open Same which is subject to variation in height and to the 
effect of air currents. The color of the light is not satisfactory, 
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being too rich in the red rays and the composition of the sjH»rnni- 
ceti is more or less uncertain. 

The Qerman Candle is made of paraffine, very ])ure, and 
burns with a normal flame height of 50 millimeters and is subject 
to the same disadvantages as the English candle. It may be nec- 
essary to trim the wick to keep the flame heio;Iit at 50 millimeters. 
The light given is a trifle greater than for tlu^ sj)ermaceti candle. 

The Carcel Lamp is built according to very c{»refu^ specifl- 
cations and burns colza (rape seed) oil. It lias liccn used to a 
large extent in France, but its present apj)lication is limited. 

The Pentane Lamp is a specially constructed lanij) burning 
pentane, prepared by the distillation of gasoline between narrow 
limits of temperature. This standard is not extensively used. 

The Amyl Acetate Lamp. This lamp, known also as the 
Hefner lamp, is at present the most desirable standard. It is a 
lamp built to very careful speciflcations, especially with regard to 
the dimension of the wick tube. It l)urns j)ure amyl acetate and 
the flame height should be 40 millimeters. This llame height 
must be very carefully adjusted by means of gauges furnished 
with the lamp. Amyl acetate is a colorless hydrocarbon j)re|)ared 
from the distillation of amyl alcohol obtained from fusil oil, with 
a mixture of acetic and sulphuric acids, or l>y distilhition oi a 
mixture of amyl acetate, sulj)huric acid, and potassium acetate. 
It has a definite composition, and must be ])ure for this use. 

The most serious disadvantairt^ of this standard is the color of 
the light, inasmuch as it has a decidedly red tinge and is not 
readily compared with whiter lights. Its value is all'ected some- 
what by the moisture in the air and the atinosplieric pressuri', but 
it excels all other standards in that it is ([uiti^ readily rt»|)ro<lncetl. 

Below is given the accepted value of the ICnglish and (ierman 
candle in terms of the Hefner unit. 

The Parafline Candlo (Vcroinskorze) / „ ^ .^ [rofncr Vn'iis 
at a llamo hoi^ht of 50 inillimcters. ) "" 

The EngHsh candle at a flame ) i i « n r.. . t'. •* . 
u • I i. « 4- IT i ■ -~ 1-11 lIcimT I nits, 

height of 4;) niilum(uers. . . . ) 

Working Standards. The units just described, together with 
some others, form reference standards, but an incandescent laujp 
is generally used as the working standard in all photometers. An 
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incandescent lamp, when used for this work, should be burned for 
about two hundred hours, or until it has reached the point in the 
life curve where its value is constant, and it should then be 
checked by means of some standard when in a given position and 
at a fixed voltage. It then serves as an admirable working stand- 
ard if the applied voltage is carefully regulated. Two such lamps 
should always be used — the one to serve as a check on the other; 
the checking lamp to be used for very short intervals only. 

Photometers. Two light sources are compared by means of 
a photometer which, in one of its simplest forms, consists of 
what is known as a Eunsen screen mounted on a carriage be- 
tween the two lights being compared, with its plane at right 
angles to a line passing through the light sources, and arranged 
with mirrors or prisms so that both sides of the screen may be 
observed at once. The Bunsen screen consists of a disc of paper 
with a portion of either the center, or a section around the 
center, treated with ^araffino so as to render it translucent. If 
the lij^lit fallincr on one side of this screen is in excess, the 
translucent spot will appear dark on that side of the screen and 
light on the opposite side. Care must be taken to see that the two 
sides of the screen are exactly alike, otherwise there will be an 
error introduced in usincr the screens. It is well to reverse the 
screen and check readings whenever a new lot of lamps are to be 
tested. When the light falling on the two sides of the screen is 
the same, the transparent spot disappears. The values of the two 
light sources are then directly proportional to the square of their 
distances from the screen. As an example, consider a 16 candle- 
])ower lamp being compared with a standard candle. Say the 
translucent s[)ot disappears when the screen is distant 00 centi- 
meters from the stiindard candle, we then have the proportion, 

^' : 1 -^ (240 r : (OOf = 10 : 1, 

showing that the lamp gives 10 candle-power. 

The al)ove law is known as the law of inverse s(juares, and 
iiolds true only when the dimensions of the light sources are smaU 
conipjired with the distance between them, and when there are no 
rt^ilccting surfaces present as when the readings are taken in a dark 
room. 
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i'ly wilh llio siiimri' of 



The proof that tlie liglit varief 
diataiice from tlie aoiin-e is na follcm 

Oonsidfr two nj.lieri.-al siiifacfs, Fi^-. '>:;, illin.iirmt,-d l.y a 
sourc-e of lij;ht at tlif t-eiitt-r. Tlic simic i]iiiuitit_v i.f H^lil fulk 
uu both siirfacfM. 

Art-a of S =.- 4jrU-' m]. ft. , It is in f,-w.« 
Area of S, -- 4irU-, ^i|. ft. 
I»t Q = total (jiiiintity "f H^'lit and y • liirht rdliiii: on 
aiiit Burfac-e. Then, 



Q 

Q <i 

' i^l^' ■ 47rli' 



Fig. 0."t sbowM iho rcluiioii 
in anotht-r way. Tln' jircii of ('. dislurit twci unii^ fi-.m: ihr soi 
of litfiit A, id four lii.i.-s iliiii of i; wl,i.-ii is di-iMiii oil., unit. 

The Lummer-lirodhun PhotofTiotcr. In .Ldditimi in 




Boum-s of Ji^lit. liefi-rriiicr to Ki^. .j| 
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screen which reflects tlie light falling upon it from L, to the mirror 
M, when it is again reflected to the pair of glass prisms A, B^ 
The surfaces sr are ground to fit perfectly and any light falling on 
this surface will pass through the prisms. Light falling on the 
surface an or hs will be reflected as shown by the arrows. We 
see then that the light from L, which falls on ar and J.y, is reflected 
to tlie eye piece or telescope T, while that falling on sr is trans- 
mitted to and absorbed l>v the black interior of the containing 
box. Likewise, the light from the screen L, is reflected l)y the 
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screen M, to the pair of prisms A, B. The rays falling on the 
surface a/* ])hss through to the telesco{)e T, while the rays falling 
on ar and hs are reflected and absorbed by the black lining of the 
case. The field of light, as then viewed through the telescope, 
aj)pears as a disc of light produced by the screen L,, surrounded 
hy an annular ring of light produced by L. When the illumina- 
tion on the two sides of the screen is the same, the disc and ring 
apj)ear alike and the dividing circle disappears. 

In using this screen, it is mounted the same as the Bunsen 
screen and readings are taken in the same manner. The screen 
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Pig. 55. 

meanuf the two readings serving as the tnn; ru^idirig. This fonti of 

scret-n ia used when especially accurate comparisons are required. 

Fig. 5.J shows a complete photometer with a Lnmmer-Brod- 

hnn Bi-reen, while Fig. 56 shows a Buneen Screen and sight box. 
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In Fig. 55, tlie laiiipa are shaded by means of curtains so as i 
leave only a small ojK;iiing toward the screen. 




The Weber Photometer. As an example of a portable ty|)e 
of photometer, wo have the Weber. This photometer, shown in 
Fig. 57, is very compact and in especially adapted to measuriug 
intensity of illumination as 
well as the value of light 
sources; it may be used for 
exploring the illumination of 
rooms or the lighting of 
streets. 

This apparatus consists of 
a tulie A, Fig. 58, which is 
mounted horii:ontally and 
contains a circular, opal glass 
plate _;^, which is movable by 
means of a rack and pinion. 
To this screen is attached an 
index finger which moves 
over a scale attached to the 
outside of the tube. A lamp 
L, burning benzine, is 
The benzine used should be as 
;ht should l>e carefully ndjuBted 
At riwht angles to the tube A 




mounted at the end of this tube, 
pure as jwssible, and the Hamehei 
to 20 mm. when taking riiidinffs. 



uted the tube B which contains au oye piece at O, a Lum- 
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iner-Brodhun contrast prism at 7> and a support for opal or colored 
glass plates at y. 

Operation, The tube JB is turned toward the source of light 
to be measured, the distance from the light to the screen at g be- 
ing noted. The light from this source is diffused by the screen 
at (/, while that from the standard is diffused by the screenyi By 
moving the screen/, the light falling on either side of the prism 
p can be equalized. The value of the unknown source can l)e 
determined from the reading of the screen /*, the photometer hav- 
ing previously been cali- 
brated by means of a stand- 
ard lamp in place of the 
one to be measured. The 
calibration may be plotted 
in the form of a curve or 
it may be denoted by a con- 
stant, C, when we have the 
formula, 



I' = C 



l' 



'■■■'■'■'■'■I'l'i'i 



I'l'i'iii'i'i'i Al 



C corresponds to a j)ar- 
ticular plate at y, 

I = distance of screen 
/from the benzine lamp, 

and L = distance from the^_^ 

screen (j to the light source L*!— L 

l)eing measured. Screens Fip. r)8. 

of different densities may 

be used at y, depending on the strength of the light source. 

When used for measuring illumination, a white screen is used 
in connection with this photometer. The screen is m'ounted in 
front of the opening at f/, and turned so that it is illuminated by 
the source beincr considered. Readintrs of the screen /are taken as 
before. A calibration curve is plotted for the instrument, using 
a know^n litrht source at known distance from the white screen 
when the instrument is mounted in a dark room. 

A photometer, known as the Matthews' Integrating^ Photom- 
eter, has recently been placed on the market, and a very good idea 
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Fig. 59. 



of its construction cau be obtained from Fig. o'.l. By iiieans of a 
flystem of mirrors, thw light given by the lamp in seiveral dirtw- 
lione may be integrated and thrown on the photometer screen for 
compariBon with the standard, the result giving the mean spherical 
candle-power from one reading. By covering all but one pair of 
screens, the light given in any one direction is easily determined. 
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PRACTICAL TEST QUESTIONS. 

In the foreRoinp; sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages arc given a large number 
of test questions and problems which affortl a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those ])reparing for College, Civil Service, or 
Engineer's Li(rense. In some cases numerical answers 
arc given as a further aid in this work. 
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RKViKW QUKSTIOXS 

<> M THK HLTUJKCT OF 

KKIXl"OKCKJ> CONCRETE. 

PAUT I 



1. IIow would you obtain testing samples fn)m a carload of 
cement? 

2. Why must kerosene or benzine be used instead of water in 
determining the specific gravity of cement? 

3. ^^^lile determining the sjx^cific gravity of cementby Le Chat- 
elier's apparatus, it was obsers'ed that the introduction of 64 grams 
of cement increased the volume by 20.3 cubic centimeters, ^^^lat 
was the specific gravity of the cement? 

4. How many holes should there be in each square inch of a 
No. 100 sieve? 

5. If a certain brand of cement requires 30 per cent of water 
to prcnluce a paste of standard consistency, how much water should 
be usal in a 1:3 mortar? 

0. What is "initial set," how soon should it develop and what 
is the standard test for the time? 

7. IIow much tensile strength should be developcnl by a 
bri(|uette of neat Portland cement of good quality in 7 days? In 
28 davs? 

<S. Why does sand with grains of variable size produce a 
stronger concrete*? * 

0. Why are cinders sometimes objectionable as an aggregate 
for concrete? 

10. What general principles must Ix) follow(Kl to obtain the 
densest concrete when using sand and stone of definite sizes? IIow 
would you determine the required proportions? 

11. Assume that the voids in the sand are measured to be 
approximately 40 per cent and that the voids in the stone are approxi- 
mately 45 per cent, using barrels containing 3 . 8 cubic feet of cement 
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how much cement, sand, and stone will be required for 100 cubic yards 
of 1:3:0 concrete ? 

12. What precautions should be taken to insure that hand- 
mixwl concrete is pn)ptTly mixinl? 

13. lender what conditions is it profitable to mix concrete by 
machiner\'? 

14. What arc the advantages and disadvantages of continuous 
mixers and batch mixers? 

15. What art* the practical difficulties and disadvantages, in 
the operation of automatic measuring machines, of measuring the 
materials of concrete? 

10. Under what conditions is it pro{)er to use **drj'" concrete? 

17. ^Yhy is **wct*' c(mcrete the proper grade to use for rein- 
forced concrete work, especially when the reinforcing steel bars are 
numerous and complicate<l? 

IS. What is the danger in the excessive ramming of verj' wet 
concrete? 

19. Why is there* any practical difficulty in bonding old and new 
concrete? ^^^lat measures are taken to obtain a good bond? 

20. What is the effect of freezing of concrete before it is set? 
How can concrete he safely placed in freezing weather? 

21. Descrilx* one method of finishing a concrete surface so as 
to avoid any trace of the forms or centering. 

22. Describe some of the methods of rendering concrete water 
tight. 

23. What methods are used to prevent the forms or centering 
from adhering to the concrete? 

24. What precautions are taken to prevent the lumber in the 
forms from swelling or InickHng? 

25. How long should the forms and centering for reinforced 
concrete remain in place under various conditions? 

20. ^^^lat general principle must be followcnl to obtain tlie 
maximum economy in designing the forms for reinforced concrete 
work? 
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1. ^^^lv is there but little if any structural value to a beam 
made of plain concrete? 

2. State briefly the fundamental reasons for the economy of 
using concrete for compressive stresses and steel for tensile stresses. 

3. Wiat is meant bv the "neutnd axis" of a beam? 

4. What is the essential difference between the elasticity of 
concrete under compression and that of steel or wood? 

5. Develop the formula (equation 3) for the summation of the 
compressive forces in a concrete l)eam, employing your own language 
altogether and elaborating in detail every step in the line of argiunent. 

G. What is the value of k when using 1 per cent of steel in 
beams made of 1:3:6 concrete? 

7. ^Miat is the practical effect of using a lower {XTcentage of 
steel than that called for by the theory (ecjuation 10)? Is there any 
economy in using les§ steel? 

S. ^^^lat is the practical effect of using more steel than the 
theorj' calls for? Does it make the structure any stronger? 

9. Develop a series of equations (similar to equation 13) on 
the basis of 1 : 2 : 5 concrete whose modulus of elasticity (E^) is assumed 
at 2,050,000 and whose ultimate crushing strength (c') is assumed at 
2,400 lbs. 

10. Using a factor of 2 for dead load and a factor of 4 for live 
load what is the maxinuim permissible live load which may be carried 
on a slab with a total actual thickness of inches and a span of 8 feet? 

11. If a roof slab is to be made of 1 : 3: 6 concrete and designed 
to carry a live load of 40 pounds per square foot on a span of 10 feet, 
what should be the thickness of the slab and the spacing of J -inch 
square bars? 
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12. If a floor slab panel is 25 feet 6 inches wide (perpendicular 
to the direction of the main reinforcing bars) and the calculation shows 
that i-inch bars should be spaced OJ inches apart, how w^ould you 
instnict the workmen about spacing the bars in such a panel? 

13. A beam having a span of IS feet is required to carrj- a live 
load of 12,000 pounds uniformly distributed. Using 1:3:6 concrete 
and a factor of four what should be the dimensions of the beam 
whose depth is approximately twice its width? 

14. What will be the intensity per square inch of the maximum 
vertical shear in the above beam? 

15. What are the two general methods of providing for diagonal 
shear near the ends of the beam? 

IG. Make a drawing of the beam designed in Question 13 show- 
ing especially the reinforcement and the method of providing for the 
diagonal shear. 

17. Discuss the advantage of using steel with a high elastic 
limit and also the possible danger in such use. 

18. Make a design for a slab of 1:3:6 concrete, reinforced in 
both directions which is laid on I-lx*ams spaced 10 feet apart in each 
direction. 

19. What will be the bursting stress per inch of height at the 
bottom of a concrete tank having an inside diameter of 10 feet designed 
to hold water with a depth of 40 feet? What size and spacing of bars 
will furnish such a reinforcement? 

20. With a nominal wind pressure of 50 pounds per square foot, 
on a flat surface, what will be the intensity of the compression on the 
leeward side of the tank, allowing also for the weight of the concrete, 
and assuming a thickness of 12 inches? 

21. On the basis of the approximate theory given in the text, 
what would be the required steel vertical reinforcement for the above 
described tank? 

22. Design a retaining wall to hold up an embankment 30 feet 
high, making a cross-sectional drawing and plan drawing similar to 
Fig. 48, assuming that the buttresses are to be 15 feet apart. 

23. Compute the required detail dimensions and the reinforce- 
ment for the box culvert, illustrated in Fig. 49, on the basis that the 
culvert is to be 10 feet yride, 12 feet high, supporting an embankment 
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1. What points should be borne in mind when selecting a 
heating boiler for a given service? 

2. Explain by an example how to check the catalogue rating 
of a boiler. 

3. Point out the difference between (a) direct, (b) direct, 
indirect, and (c) indirect radiation. 

4. State the advantages of each type. 

5. What advantages do overhead coils possess over other 
classes of direct radiation ? 

6. (a) With overhead coil heating, how should the coils 1)6 
placed with reference to walls and floor to secure the best results ? 
(b) Why? 

7. In what two ways is heat given off by a radiator ? 

8. What advantages has a wet return system over one with 
dry returns ? 

9. (a) In what classes of buildings, as a rule, may the over- 
head feed system be used and why? (b) What advantages are 
possessed over the up-feed system ? 

10. When should a two-pipe system be used in preference 
to a one-pipe? 

11. Explain the action of a siphon trap in balancing a low 
pressure steam heating system. 

12. When is it advisable to establish an artificial water line? 

13. Explain in detail how to compute the radiating surface 
for low pressure steam in a corner room 18 ft. square, 10 ft. high, 
the exposed wall to be 16 in. thick, ex|)osed toward the north and 



857 



STEAM AND HOT WATER FITTING 



west, and Laving glass surface equal to one-fourth the total exjwsed 
surlace of wall and glass combined. 

14. Describe the action of aspirating heaters. To be most 
effective in causing a rapid flow of air in a flue, at what point 
should they be placed ? 

15. State some advantacjes to be^ secured bv exhaust steam 
heating. 

10. What appliances are necessary in connection with exhaust 
steam heating that are not used with ordinary low pressure heating? 

17. (a) What are the main features in the so-called Vajwr 
System? (b) What advantages are claimed over ordinary steam 
heatinix systems? 

IS. What is the purpose of the '* mercury-seal " in that type 
of heating system ? 

19. State the purpose and explain the action of steam traps. 

20. What is meant by '^ absolute pressure" of steam ? 

21. If a pipe is 80 ft. long when filled with steam at 10.3 
pounds pressure, what will be its length when filled with steam at 
100.3 pounds? Show method of computation. 

22. Describe (with sketches) several methods for taking up 
expansion. 

23. What is meant by the term **0. D." pipe ? 

24. What is the minimum thickness of ''O. D." pil)^ to 
permit threading? 

25. (a) AVith low pressure piping, up to what size is it 
advisable to use screwed fittings? (b) What adi^^antages are there 
in using flanged fittings for the larger sizes? 

2G. Describe two types of air valves. 
27. (a) Mention two kinds of dies. 

(b) What points must be attended to in order to secure 
the best results in usincr them ? 

2.S. AVhat advantages have pipe tongs over wrenches? 

29. What advantages are possessed by the overhead feed 
svstem of hot water heating over the up-feed system? 

30. AVhat ])recautions is it necessary to take with regard to 
expansion tank connections and why ? 

31. State some advantages claimed for (a) 0|)en tank (b) 
closed tank hot- water heating systems. 
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1. Explain the throe-wire system of wirinjj:. 

2. In (*ase a test shows exeessive leakage, or a {ground or short 
circuit, how would you locate the trouble and remedy it? 

3. Describe tlu* construction and use of outlet-boxes. 

4. What is the principal diffenMice between alternating and 
direct-currt^nt circuits, so far as concerns the wiring system? 

5. C\)mpart* the advantages of the two-wire and three-win* 
systems of wiring. 

0. Under what general heads are approved methods of wiring 
classified? 

7. A single-phase induction motor is to be supplied with 25 
amptTcs at 220 volts; alternations 12,(M)0 per minute; jK)wer factor. 8. 
The transformer is 200 fei*t from the motor, the line consisting of 
No. 4 win*, 9 inches l)etween centers of conductors. 'Jlie trans- 
former reduces in the ratio 2,500, has a capacity of 30 ampen*s at 220 

"250 
volts, and, when delivering this current and voltage, has a resistancc-E. 
M. F. of 2.5 j>er cent, and a reactance E. M. F. of 5 jK*r cent. Cal- 
culate the drop. (Use table and chart.) 

S. What are the distinctive features of the different kinds of 
metal conduit? 

0. Suppose power to be delivered, 300 K. W. ; E. ^I. F. to Ik* 
delivered, 2,200 volts; distance of tnmsmission, 15,000 feet; .size of 
wire, No. 00; distance lx*tween win\s, 24 inches; jK)wer factor of load, 
.7; frecjuency, 100 cycles pt»r second. C^alculate line loss and dn)p 
in per cent of E. M. F. delivered. (Use table and chart.) 

10. In installing A. (\ circuits, what reciuirements are in.sisted 
on as to the placing of conductors in conduits? 

11. Descrilx* the manufactun*, use, and sj)ecial advantages of 
the diifcrent kinds of armored cable. 
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12. Describe three (liffen»nt methods of testing? Which is to 
be preferred? 

13. What conditions determine whether a two-wire or three-wire 
system of wiring should l)e used? 

14. In locating cut-out cabinets and distributing centers, what 
requirements should be fulfilled? 

15. What is "knob and tulx*** wiring? Explain its use and dis- 
cuss its advantages or disadvantages. 

16. How far apart should insulators be placed? 

17. What tests should Ix? made before an electric wiring equip- 
ment is finally passed for acceptance? Give reasons. 

18. Wliat regulations govern the use* of fibrous tubing? 

19. What is meant by mutual induction? 

20. What are the advantages and disadvantages of overhead 
linework as compared with underground linework? 

21. l)escril)e and illustrate by sketches proper methods of 
supporting and protecting conductors. 

22. Discuss the advantages of running conductors exposed on 
insulators. 

23. Illustrate by diagram, proper and improper methods of 
grouping conductors of two two-wire circuits. 

24. What dangers are inherent in the use of moulding? What 
precautions should be taken to avoid them? 

25. Describe the proper methods of laying out branch circuits, 
(a) in firepn)of buildings; (b) in wooden frame buildings. Give 
sketches. 

2(). What methods of installing wiring are best adapted for the 
following classes of buildings, (a) fireproof structures; (b) mills, 
factories, etc.; (c) finished buildings; (d) wooden frame buildings? 

27. What is skin effect? Its bearing on the problem of wiring? 

2(S. In selecting runways for mains and feeders, what pre- 
cautions should be taken? 
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1 State the current, voltage, candle-jK>wer, and efficiency of 
the incandescent lamp most commonly used. 

2. AVhat do you understand by the '* smashing point"? 

3. (rive the main points of difference between the three 
forms of arc lamj) mechanism. 

4. ^fention the three principal parts of the Nernst lamp. 

5. Describe with sketch the anti-parall(»l sy.^tem of feeding. 

6. Prove the law that illumination varies inverselv with the 
distance. 

7. Why is arc light photometry a more difficult problem 
than incandescent ? 

S. Calculate the illumination thret^ feet above the floor at 
the center of a room 18 feet square and 12 feet high, lighted by 
four lO-candle-power lamps 9 feet above the floor at the center of 
the side walls, assuming the coetticient of reflectitin to be 5()'}v. 

9. What material is used for the iilanuMit of incandescent 
lamps? Explain why. 

10. From the curve given in Fig. 4, determine the efliciency 
which corresponds to the tcmj)eraturi^ of 1;J0()' (V-ntigrade. 

11. What is the object of double carbons in an arc lamp? 

12. What is meant by mean s])lierical candle- |)()w<'r? 

13. AVhat is the function of the heater in the Xtu'nst lamp? 

14. T)escril)e the Bunsen Photometer. 

15. How does the litrhtinix of public halls differ from that of 
residences 't 

10. Why cannot ])latinum wire be used for the iilament of 
iucaudescent lamps? 



Ml 



ELECTRIC LIGHTING 



17. In a direct-current arc lamp, which carbon bums away 
the more rapidly? 

18. How are arc lamps rated? 

19. What are the important advantao;es of the two- wire 
parallel system of distribution ? 

20. Name and describe the most desirable standard for pho- 
tometric measurements. 

21. How many measurements should be taken in the deter- 
mination of spherical intensity ? 

22. What is meant by tlashincr? Explain. 

23. Define emissivity. 

24. If the voltatre of an incand(\^cent lamp be increased 4% 
nbov(^ normal, what \^ the elfect on tln^ carKHe-power, etticiency 
and liirht? 

25. Explain the Cooju'r-IIewitt lam[), statincr the two 
methods of startinrj. 

20. Compare the open and enclosiul arc lamps. 

27. Why is the positive carbon j)laced above the negative in 
a direct-current arc lamp^ 

28. Sketch and name the different forms of incandescent 
lamp filaments. 

29. Tender what conditions can a 3.1 -watt incandescent lamp 
be used ? 

30. AVhat is the function of the arc lamp mechanism? 

31. What are the advantaiJjes of the three-wire system? 

32. AVhy is it necessary to exhaust the bulb of an includes- 

>r t.' 

cent lamp? 

33. At what point in their life should incandescent lamps 
b(* IV placed i 

34. What is the object of a resistance in series with tho^irc 
lamj) in constant-|)otential dinvt-current systems? 

35. Name the advantajjfi-s of the Xernst lamp. 

3(5. AVhat sort of lHm])S and of what candle-])ower should be 
used in residen<*(» hVhtinjjf? 

37. (live th<' characteristics of the (■oo])er-IIewitt lamj). 

3S. AVhat will l)e the external resistance on a ILO volt con- 
stant-potential system, if the load consists of 437 lamps of 16 
candle-power ? 
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